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ABSTRACT 


Heat  transfer  performance  of  horizontal,  integral-fin  tubes  made  of  copper, 
aluminum,  copper-nickel,  and  stainless  steel  was  evaluated  using  a  boiler  and  steam 
condenser  assembly.  Testing  was  done  at  vacuum  and  atmospheric  pressure  conditions. 
The  tubes  tested  had  an  inner  diameter  of  12.7mm,  a  root  diameter  of  13.88mm,  and  fin 
heights  ranging  from  0.5mm  to  1.5irun,  in  0.25mm  increments.  The  outside  heat  transfer 
coefficient  was  determined  first  by  finding  the  overall  heat  transfer  coefficient,  Uo,  then  by 
using  the  Modified  Wilson  Plot  Technique. 

The  results  indicated  that  the  performance  of  a  finned  tube  is  very  dependent  on  fin 
height  and  hibe  material.  Moreover,  the  results  were  compared  with  the  predictive  models 
of  Beatty  and  Katz,  Rose,  Adamek  and  Wdsb,  and  Honda  et  al.,  with  a  modified  version 
of  the  Rose  model  demonstrating  the  best  predictive  capabilities. 
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MOMENCIATDRE 


effective  surface  area  as  defined  by  eqn.  (5), 
surface  area  of  fin  flank  as  defined  by  eqn.  (6) , 
surface  area  of  fin  tip  as  defined  by  eqn.  (7) , 
inside  surface  area  of  test  tube, 
outside  surface  area  of  smooth  tube  m^ 
outside  area  of  test  tube  for  one  pitch  length,  m^ 
unfinned  surface  area  as  defined  in  eqn.  (8),  m^ 
constant  used  by  Rose  [Ref.  4],  equal  to  2.96 

constant  used  by  Rose  [Ref.  4],  equal  to  0.143 

constant  used  by  Rose  [Ref.  4],  equal  to  0.143 

constant  used  by  Rose  [Ref.  4],  equal  to  0.143 

assumed  leading  coefficient  for  hj  as  in  eqn.  (25) 
specific  heat  at  constant  pressure,  J/(kg  K) 
equivalent  diameter  as  defined  in  eqn.  (3) ,  m 
inside  diameter  of  test  tube,  m 
outside  diameter  of  test  tube,  or  smooth  tube,  m 
root  diameter  of  finned  tube,  m 

fraction  of  unflooded  fin  flank  surface  area  that  is 
covered  with  condensate 

fraction  of  unflooded  inter fin  surface  area  that  is 
covered  with  condensate 
gravitational  constant,  9.81  m/s^ 
specific  enthalpy  of  vaporization,  J/kg 
inside  heat  transfer  coefficient,  W/ (m^  K) 
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outside  heat  transfer  coefficient^  W/(in^  K) 
k  thermal  conductivity,  W/(m  K) 

kg^  thermal  conductivity  of  coolant,  W/ (m  K) 

kf  thermal  conductivity  of  condensate  film,  W/(m  K) 

constant  as  defined  in  eqn.  (28) 

K2  constant  as  defined  in  eqn.  (29) 

L  length  of  test  tube,  m 

L  fin  flank  length  as  defined  in  eqn.  (4) ,  m 

UlTD  log  mean  temperature  difference,  K 

m  mass  flow  rate  of  coolant,  kg/s 

Ilf  number  of  fins  per  unit  length  of  tube,  m'^ 

Pr  Prandtl  number 

fin  flank  heat  fltuc  as  defined  in  eqn.  (10),  W/m^ 
q,  interfin  heat  flux  as  defined  in  eqn.  (11),  W/m^ 

q^  fin  tip  heat  flux  as  defined  in  eqn.  (12) ,  W/m^ 

Q  heat  transfer  rate  as  defined  in  eqn.  (19) ,  W 

Re  Reynolds  number 

s  interfin  spacing,  m 

t  fin  thickness,  m 

coolant  inlet  temperature,  K 
T2  coolant  outlet  temperature,  K 

Tf  film  temperature,  K,  or  constant  as  in  eqn.  (16) 

T,  steam  temperature,  K,  or  constant  as  in  eqn.  (17) 

T^t  steam  saturation  temperature,  K 

T,  constant  as  defined  in  eqn.  (15) 

tube  outside  wall  temperature  (at  fin  base) ,  K 
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overall  heat  transfer  coefficient,  W/ K) 

GREEK  SYMBOLS 

a  assumed  leading  coefficient  to  find 

AT  temperature  difference  across  the  condensate  film,  K 

fin  efficiency 

€  constant  as  defined  in  eqn.  (27) 

enhancement  ratio  for  a  given  temperature  difference 
as  defined  in  eqn.  (14) 

)i  dynamic  viscosity,  kg/ (m  s) 

Pf  condensate  film  dynzunic  viscosity,  kg/ (m  s) 

p  density,  kg/m^ 

pf  condensate  film  density,  kg/m^ 

p^^  fluid/vapor  density  difference,  kg/m^ 

p^  vapor  density,  kg/m^ 

4^  condensate  flooding  angle  as  defined  in  eqn.  (13) 

o  condensate  surface  tension,  N/m 

((4>)  constant  as  used  in  eqn.  (11) 

Q  Petukhov-Popov  function  as  defined  in  eqn.  (26) 
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I.  INTRODUCTION 


A.  BACKGROUND 

Today,  all  over  the  world,  steam  plants  are  being  used  to 
provide  power  and  electricity  on  land,  and  to  propel  ships  and 
submarines  at  sea.  Because  of  this  extensive  use  of  steam 
plants  in  general,  and  condensers  in  particular,  it  becomes 
apparent  that  any  enhancement  in  the  performance  of  a 
condenser  could  be  of  enormous  benefit.  For  example, 
electricity  could  be  generated  cheaper,  fuel  consumption  could 
be  reduced,  or  ship  speeds  could  be  increased  for  a  given 
power  plant. 

One  method  of  increasing  condenser,  and  hence  steam  plant 
performance,  is  to  use  "enhanced**  condenser  tubes.  These  tubes 
offer  an  increase  in  performance  by  enhancing  the  heat 
transfer  on  either  the  inside  or  outside  of  the  tubes. 
Therefore,  using  these  tubes  would  allow  for  smaller,  more 
efficient  future  condensers.  Moreover,  higher  efficiency  could 
be  achieved  for  existing  power  plants  by  retubing  with 
enhanced  tubes. 

One  type  of  enhanced  tube  is  the  integral-fin  tube.  An 
integral-fin  tube  is  a  tube  with  circumferential  fins  on  its 
outside,  manufactured  by  machining  the  material  between  the 
fins  away.  As  the  fin  material  always  was  part  of  the  original 
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tube  stock,  there  is  no  contact  resistance  between  the  fin  and 
the  tube  wall,  (ie,  The  fin  is  an  integral  part  of  the  tube.) 

There  are  two  main  reasons  why  integral-fin  tubes  are 
enhanced  over  smooth  tubes.  One  reason  is  because  of  the  added 
surface  area  presented  by  the  fins  for  heat  transfer.  The 
other  reason  is  the  interaction  between  the  surface  tension  of 
the  condensate  and  the  fins  themselves. 

Increasing  the  surface  area  of  a  tpbe,  one  might  surmise, 
would  be  very  important  in  enhancing  the  heat  transfer 
performance  of  a  tube.  After  all,  the  more  surface  area  there 
is,  the  more  area  there  is  for  heat  transfer.  However,  one 
would  also  surmise  that  there  must  be  a  limit  to  heat  transfer 
enhancement.  Particularly  with  lower  conductivity  materials, 
it  is  intuitively  obvious  that  there  is  a  fin  height  beyond 
which  no  further  practical  heat  transfer  increase  will  occur. 
This  limit  in  heat  transfer  rate  results  from  the  competitive 
effects  of  increased  condensing  surface,  and  decreased  heat 
conduction  (fin  efficiency)  through  the  fin  as  fin  height 
increases.  The  effect  of  fin  efficiency  during  single  phase 
heat  transfer  is  well  known  in  setting  a  proper  integral  fin 
height . 

The  interaction  between  the  fins  and  the  condensate 
during  condensation  is  a  complex  one,  with  two  competing 
effects  arising  from  surface  tension.  One  effect  is  to  thin 
the  condensate  film  on  the  upper  part  of  the  tube.  This  is 
called  the  unflooded  region.  On  the  lower  part  of  the  tube. 
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the  presence  of  the  fins  causes  condensate  to  be  retained  in 
the  space  between  the  fins.  This  is  called  the  flooded  region. 
These  regions  are  shown  in  Figure  1. 

The  unflooded  region  demonstrates  enhanced  heat  transfer. 
This  is  because  the  condensate  film  on  the  tube  wall  and  fin 
flanks  is  kept  very  thin  by  the  action  of  surface  tension  and 
gravity.  As  the  condensate  has  a  much  lower  thermal 
conductivity  than  the  typical  metal  tube,  its  thinning 
increases  the  amount  of  heat  transfer. 

Again,  because  of  the  low  conductivity  of  the  condensate, 
the  heat  transfer  is  drastically  reduced  in  the  flooded 
portion  of  the  tube.  When  compared  to  the  unflooded  portion, 
the  eonount  of  heat  transfer  provided  by  the  flooded  portion  is 
very  small. 

Unfortunately,  by  increasing  the  fin  height,  the  flooded 
portion  of  the  tube  is  increased  as  well,  again  because  of  the 
effects  of  surface  tension.  This  tends  to  reduce  the  amount 
of  heat  transfer,  and  competes  directly  with  the  enhancing 
factor  of  increased  tube  surface  area  mentioned  earlier. 

Much  work  has  already  been  done  with  integral-fin  tubes  at 
the  Naval  Postgraduate  School  (NPS)  and  elsewhere.  However, 
the  vast  majority  of  work  has  been  done  with  copper  tubes 
because  of  its  high  thermal  conductivity  and  ease  of 
fabrication.  Because  of  strength  and/or  corrosion  concerns. 
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most  condensers  use  tubes  made  of  copper-nickel ,  bronze, 
stainless  steel,  or  titanium,  all  of  which  have  much  lower 
thermal  conductivities  than  copper. 

B.  PREDICTIVE  MODELS 

It  is  obvious  that  enhanced  tubes  are  advantageous . 
However,  being  able  to  predict  their  performance  would  be  even 
more  advantageous.  After  all,  how  does  one  design  a  condenser 
when  the  performance  of  the  tubes  isn't  well  known?  For  that 
matter,  how  does  one  tell  if  performance  of  enhanced  tubes  is 
worth  the  added  cost  of  manufacturing  them? 

Nusselt  [Ref.  1],  in  1916,  was  the  first  to  successfuxi  ' 
predict  the  performance  of  smooth  tubes,  since  then,  Beatty 
and  Katz  [Ref.  2],  Adamek  and  Webb  [Ref.  3],  Rose  [Ref.  4], 
and  Honda  et  al.  [Ref.  5]  have  all  attempted  to  predict,  with 
varying  degrees  of  success,  the  performance  of  integral-fin 
tubes. 

There  is  very  little  experimental  validation  of  the 
previously  mentioned  integral-fin  models  and  virtually  all  the 
data  are  with  copper  tubes  (though  Jaber  and  Webb  [Ref.  6], 
have  done  some  very  recent  work  with  other  materials) . 
Therefore,  the  previously  mentioned  models  remain  essentially 
unproven  with  regard  to  tubes  that  would  be  used  in  actual 
condensers . 


5 


C.  HAVAL  POSTGRADUATE  SCHOOL  CONDENSATION  RESEARCH 

This  thesis  is  part  of  an  ongoing  research  program  to 
study  enhanced  condensation.  Much  work  has  been  done  over  the 
years  with  integral-fin  tubes  of  various  dimensions,  though 
most  has  been  done  only  with  copper  tubes.  Mitrou  [Ref.  7], 
and  most  recently  Cobb  [Ref.  8],  looked  at  tubes  of  different 
materials  but  with  only  limited  variations  of  fin  height. 


D.  OBJECTIVES 

The  main  objectives  of  this  thesis  are  as  follows: 

1.  Obtain  repeatable  data  for  integral-fin  tubes  made  of 
different  materials,  to  study  the  effects  of  thetrmal 
conductivity  on  txibe  performance. 

2.  Compare  data  for  tubes  of  the  same  material  but  different 
fin  heights,  to  demonstrate  the  effect  of  fin  height  on  tube 
performance. 

3.  Compare  the  experimental  results  with  available 
predictive  models,  to  validate  the  models. 
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II.  A  REVIEW  OF  RELEVANT  PREDICTIVE  MODELS 


A.  NUSSELT  MODEL 

As  mentioned  previously,  Nusselt  [Ref.  1]  was  the  first  to 
formulate  an  equation  for  the  average  heat  transfer 
coefficient  for  a  smooth  horizontal  tube  during  film 
condensation: 


1/4 


(1) 


In  order  to  develop  his  equation,  Nusselt  assumed  that 
the  tube  operates  in  a  quiescent  vapor,  that  is  a  vapor  with 
zero  velocity.  While  his  model  remains  generally  valid,  in 
reality  any  vapor  in  a  condenser  will  have  some  velocity. 
Assuming  downward  flow,  the  vapor  velocity  would  tend  to  thin 
the  condensate  film  and  enhance  the  heat  transfer  above  what 
the  Nusselt  model  predicts. 

B.  BEATTY  AND  KATZ  MODEL 

In  1948,  Beatty  and  Katz  [Ref.  2]  formulated  an  equation 
for  the  average  heat  transfer  coefficient  for  integral-fin 
tubes.  They  took  into  account  the  thermal  conductivity  of  the 
wall  material  in  order  to  accurately  model  the  effect  of  the 
fins.  However,  to  simplify  the  problem  they  neglected  the 
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•ffscts  of  condensate  surface  tension.  For  rectangular  shaped 
fins,  their  equation  takes  the  form: 


where 


*0=0.689 


(2) 


and 


11/* 


=1.311  ^ 


Tl/* 


+11 


1/4 


(3) 


4J>. 


(4) 

(5) 


,  n,1lPo-^r) 
Afs=  2 - 


Aet^n^nD^t 


(6) 

(7) 


A^-n^nD^s 


(8) 


As  Beatty  and  Katz  ignored  surface  tension,  one  would 
expect  their  model  to  perform  better  for  low  surface  tension 
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fluids,  such  as  refrigerants,  than  it  would  for  water.  Also, 
the  model  would  predict  the  performance  better  under  high 
pressures  and  hence,  high  saturation  temperature  conditions 
where  surface  tension  would  be  lower. 

C.  ROSE  MODEL 

Rose  [Ref.  4]  in  1993,  developed  a  simple  but  complete 
model  for  determining  the  outside  heat  transfer  coefficient 
for  integral-fin  tubes.  Unlike  Beatty  and  Katz  [Ref.  2],  he 
took  into  account  the  effects  of  surface  tension,  gravity 
induced  drainage  from  the  tube,  and  condensate  flooding.  He 
did,  however,  choose  to  ignore  the  effects  of  fin  efficiency 
as  he  primarily  dwelled  on  copper  tubes  which  have  a  very  high 
fin  efficiency.  Rose's  equation  for  the  outside  heat  transfer 
coefficient  for  an  integral-fin  tube  is: 


hMnD^tq, 


qf*(l-fs)nD^sq^ 


LTA 


(9) 


coc.p 


where  q^,  q,,  and  q^  are  the  heat  fluxes  from  the  fin  flanks, 
interfin  space,  and  fin  tips: 


pJi,^3Ar» 

0.943‘p,,gr 

I* 

11/4 


(10) 
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t. 


Dg  s’ 

1/4 


(11) 


and: 


0.724p,^g  „  a] 

Do  t’l 

1/4 


(12) 


and  the  condensate  flooding  angle  4>  is: 


♦■cos'^  — 

P93Do 


(13) 


The  quantities  f,  and  represent  the  fraction  of  the 
unflooded  portion  of  the  inter fin  space  and  the  fin  flanks 
that  are  flooded  with  condensate. 

Moreover,  Rose  defines  the  enhancement  ratio  as  the 
ratio  of  the  predicted  outside  heat  transfer  coefficient  for 
a  finned  tube  to  that  predicted  by  Nusselt  at  the  same  film 
temperature  difference.  This  ratio  is  given  as: 


'AT" 


Dot 


D^(s+t) 


d:-d^) 


2D^{S*t) 


S 


(14) 


where: 


oDr 

0.728V 


11/4 


(15) 
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Tf 


0.9431*  Dr 

0.728]  '  0.728*p^^ij^ 


(16) 


and: 


r,= 


simiL.B 

n  7-504  * 


aD, 


|1/* 


0.728*  0.7  28*p,^Srs^ 


(17) 


Note  that  these  equations  contain  four  unknown 
coefficients,  Bl,  Bs,  Bf,  and  Bt.  Rose  curve  fitted  these 
equations  to  existing  experimental  data  for  copper  tubes  at 
atmospheric  pressure  (only)  and  determined  that  B1  should  be 
2.96,  while  Bf,  Bs,  and  Bt,  were  all  equal  to  0.143. 

Cobb  [Ref.  8],  in  1993  modified  the  Rose  model  to  include 
the  effects  of  fin  efficiency.  The  modified  Rose  model 
therefore  takes  the  form  of: 
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1  (18) 


*coc,p 
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D.  ADAMBK  AND  NEBB  MODEL 

Adamek  and  Webb  [Ref.  3]  use  a  far  different  approach  to 
determine  the  outside  heat  transfer  coefficient.  Like  Rose 
[Ref.  4],  gravity  drainage,  surface  tension  and  the  flooding 
angle  are  all  taJcen  into  account.  However,  that  is  where  the 
similarity  ends. 

Adeunek  and  Webb  chose  not  to  ignore  the  effects  of  fin 
efficiency.  Furthermore  they  decided  to  look  at  a  length  of 
tube  which  stretches  from  the  midpoint  at  the  tip  of  a  fin  to 
the  midpoint  of  its  adjacent  interfin  space  (see  Figure  2) . 
The  surface  between  those  two  points  is  then  broken  up 
into  eight  discrete  segments,  namely,  ba,  aO,  01,  12,  23,  34, 
45,  and  56.  For  each  of  these  segments,  a  local  condensation 
rate  for  the  condensate  surface  is  calculated.  These 
condensation  rates  are  then  summed  for  both  the  flooded  and 
unflooded  portions  of  the  tube.  In  addition,  condensate  film 
thicknesses  are  determined  for  each  of  the  eight  segments.  The 
outside  heat  transfer  coefficient  is  then  a  function  of  the 
condensation  rates,  film  thickness,  fin  efficiency, 
temperatxire  difference,  and  enthalpy.  A  major  disadvantage  of 
this  model  is  its  complexity  compared  to  the  models  of  Rose 
[Ref.  4]  or  Beatty  and  Katz  [Ref.  2],  and  a  ntunerical  solution 
is  required  to  solve  the  problem. 
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Figure  2  Half  Fin/Interfin  Space  as 
Analyzed  by  Adamek  and  Webb 
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E.  HONDA  MODEL 


The  Honda  et  al.  model  [Ref.  5],  like  that  of  Adamek  and 
Nebb  is  quite  complex,  but  is  the  most  comprehensive  model 
available.  Like  Adamek  and  Webb  [Ref.  3],  the  condensate  film 
thickness  is  calculated,  and  gravity  and  surface  tension 
effects  are  considered.  For  Honda's  model,  three  cases  are 
considered  based  on  fin  spacing  and  condensation  rate  (see 
Figure  3  from  Ref.  5).  Different  sub-models  are  used  for  each 
case.  These  cases  are  a  function  of  fin  spacing  and 
condensation  rate  and  are  used  because  it  is  expected  that  the 
depth  of  the  condensate  film  in  the  inter-fin  space  would  have 
a  significant  impact  on  the  amount  of  heat  transferred. 

Honda  et  al.  [Ref.  5],  however,  take  into  consideration 
the  properties  of  the  test  tiibe  coolant,  the  inside  heat 
transfer  coefficient,  and  the  txibe  wall  conductivity  in 
analyzing  the  heat  transfer  from  the  vapor  to  the  coolant,  and 
then  determine  the  temperature  field  in  the  tube  and  fins. 
Therefore,  their  predicted  outside  heat  transfer  coefficient 
is  a  function  of  coolant  properties,  inside  heat  transfer 
coefficient,  tube  wall  conductivity,  fin  efficiency,  film 
thickness,  and  surface  tension  and  temperature  difference. 
This  comprehensive  analysis,  however,  requires  a  numerical 
solution. 
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Figure  3  Three  Sub-Cases  of  the  ilouda  et  al.  Model 


III.  EXPERIMENTAL  APPARATUS 


A.  SYSTEM  AND  SYSTEM  INSTRUMENTATION  OVERVIEW 

The  system  apparatus  and  instrumentation  are  identical  to 
that  as  described  by  Cobb  [Ref.  8].  A  major  computer  upgrade 
is  in  progress,  but  has  not  yet  been  installed. 

B.  TUBES  TESTED 

As  mentioned  in  the  introduction,  little  experimental  work 
has  been  done  with  tubes  made  of  materials  other  than  copper. 
For  this  work,  tubes  made  of  copper,  aluminum,  90/10  copper- 
nickel,  and  316  stainless  steel  were  used  in  order  to 
determine  the  relationship  between  tube  heat  transfer 
performance  and  tube  thermal  conductivity.  The  thermal 
conductivities  for  the  tubes  used  were  curve-fitted  by  Cobb 
[Ref.  8]  for  the  temperature  range  of  this  work,  from  data 
taken  from  [Ref.  9].  Table  I  lists  the  thermal  conductivities. 
TABLE  I.  THERMAL  CONDUCTIVITIES  OF  TUBE  MATERIALS 


MATERIAL 

THERMAL  CONDUCTIVITY 

(w/(m  K)) 

COPPER 

390.8 

ALUMINUM 

231.8 

COPPER-NICKEL 

55.3 
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All  tubes  tested  contained  a  heatex  insert.  The  heatex 
insert  is  an  insert  of  wire  loops  and  is  used  to  promote 
repeatable,  consistent,  turbulent  flow  on  the  inside  of  the 
tubes  to  enhance  the  inside  heat  transfer  coefficient  and 
lower  the  inside  thermal  resistance.  The  tubes  tested,  and 
their  dimensions  are  listed  in  Table  II. 


TABLE  II.  SPECIFICATIONS  FOR  TUBES  TESTED 
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TUBE 

MATERIAL 


NICKEL 


COPPER- 

NICKEL 


COPPER- 

NICKEL 


ROOT 

DIA. 

(MM) 

FIN 

HEIGHT 

(MM) 

OUTER 

DIA. 

(MM) 

13.88 

1.50 

16.88 

13.88 

1.25 

16.38 

13.88 

1.00 

15.88 

13.88 

0.75 

15.38 

13.88 

0.50 

14.88 

13.88 

SMOOTH 

13.88 

13.88 

1.50 

16.88 

13.88 


13.88  0.75  15.38 


COPPER-  13.88  0.50  14.38 

NICKEL 


STAINLESS  13.88  1.50  16.88 

STEEL 


STAINLESS  13.88  1.25  16.38 

STEEL 


FIN 

[CKNE£ 

(MM) 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


FIN 

>ACINC 

(MM) 


1.50 


1.50 


1.50 


1.50 


1.50 


1.50 
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1  TUBE 

1  MATERIAL 

ROOT 

DIA. 

(MM) 

FIN 

HEIGHT 

(MM) 

OUTER 

DIA. 

(MM) 

FIN 

THICKNESS 

(MM) 

FIN  1 

SPACING  1 

(MM)  1 

STAINLESS 

STEEL 

13.88 

1.00 

15.38 

1.00 

1.50  1 

STAINLESS 

1  STEEL 

13.88 

0.75 

14.88 

1.00 

1.50 

1  STAINLESS 

1  STEEL 

13.88 

0.50 

14.38 

1.00 

1.50 

zv.  experhiehtal  procedures  and  data  analysis 


A.  SYSTEM  OPERATION  AND  TUBE  PREPARATION 

System  (see  Figure  4)  operation  was  identical  to  that 
given  by  Cobb  [Ref.  8].  For  both  atmospheric  and  vacuum  runs, 
non-condensable  gasses  were  removed  by  use  of  a  vacuum  pump. 
Simultaneously,  the  boiler  heaters  were  turned  on,  and  flow 
was  initiated  in  the  test  tube.  Once  steady  conditions  were 
reached  for  the  vacuum  (saturation  temperature  of  48.7  degrees 
C)  or  atmospheric  (saturation  temperature  of  100.0  degrees  C) 
tuns,  cooling  water  flow  was  adjusted  to  80%  in  the  test 
tube. 

At  this  point  data  collection  commenced.  The  data 
collection  procedxure  was  repeated  and  the  temperatures  checked 
for  consistency  before  saving  them.  If  the  data  were 
sufficiently  consistent,  (+/-  1%)  the  flow  through  the  test 
tube  was  repeated  with  the  flow  meter  reduced  to  70%.  This 
process  continued  down  to  20%  flow  in  the  test  tube  and  was 
then  repeated  fro^  20%  back  up  to  80%. 

Tube  preparation  was  also  identical  to  that  given  by  Cobb 
[Ref.  8]  with  the  following  exception: 

a  For  aluminum  tubes  only,  the  treatment  was  stopped  once  a 
continuous  oxide  layer  has  been  formed  on  the  surface  of 
the  tube,  but  before  dimensional  changes  had  occurred 
because  of  excessive  corrosion  due  to  the  high  reactivity 
of  aluminum. 
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Figure  4 


Schematic  of  the  Single  Tube  Test  Apparatus 


21 


ORAM  i  FILL /DRAIN  VALVE 


B.  OONPOTER  CODES 


Three  different  computer  codes  were  used  for  analysis  in 
this  work.  The  first  of  these  codes  was  used  to  take  the  raw 
data  and  do  initial  processing,  while  the  second  and  third 
were  codified  versions  of  the  previously  mentioned  predictive 
models . 

1.  DRPALL 

"DRPALL"  is  the  name  of  the  data  acquisition  and 
initial  processing  program.  It  is  an  HPBASIC  program  and 
remains  unchanged  from  that  described  by  Cobb  [Ref.  8]. 

When  used,  the  DRPALL  program  asks  the  user  for  information 
regarding  test  tube  material  type  and  configuration.  Once  the 
operator  is  ready  to  commence  data  tedcing,  DRPALL  either 
measures  directly  via  an  HP  3497  Data  Acquisition  Unit,  or 
prompts  the  operator  for  data  regarding  boiler  voltage,  steam 
temperature  and  pressure,  coolant  flow,  and  coolant 
differential  temperature. 

From  this  data  the  heat  transfer  rate  can  be  calculated. 


(19) 


Then  the  overall  heat  transfer  coefficient  is  calculated: 


AJLMTD) 


(20) 
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r 


where: 


UfTD* 


T2-T^ 

In 

(21) 


Since  the  desired  output  is  outside  heat  transfer  coefficient, 
the  principle  of  thermal  resistances  in  series  is  used,  where 
the  tube  wall  thermal  resistance  is  written  as: 


IrJ 


(22) 


2icIJc 

and  the  overall  thermal  resistance  is  given  by: 


1 


1 


1 


(23) 


DRPALL  contains  a  computer  code  for  the  Modified  Wilson 
Plot  Technique  to  determine  the  inside  and  outside  heat 
transfer  coefficients.  As  described  by  Cobb  [Ref.  8],  the 
Modified  Wilson  Plot  Technique  uses  the  overall  heat  transfer 
coefficient  to  find  the  inside  and  outside  heat  transfer 
coefficients  using  assumed  forms  for  them  and  following  an 
iterative  technique.  Since  the  data  were  taken  using  the 
Petulchov-Popov  correlation  on  the  cooling  water  side  [Ref .  10] , 
the  heat  transfer  coefficients  were  assumed  to  be: 
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where: 


and: 


The  values  of  a  and  C,  are  calculated  in  the  code.  In 
addition,  DRPALL  contains  corrections  to  take  into  account 
frictional  heating  of  the  coolant,  as  well  as  the  fin  effects 
of  the  two  mounted  ends  of  the  test  tube.  More  information  for 
the  Prograua  DRPALL  is  given  in  Appendix  A. 
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2.  HBATMEYBR 


"HEATMEYER"  is  a  computer  code  originally  written  by 
Cobb  [Ref.  8]  and  called  HEATCOBB.  HEATMEYER  is  a  slightly 
altered  version  of  HEATCOBB  in  order  to  allow  an  interactive 
input  of  tube  parameters.  This  program  is  written  in  FORTRAN 
and  is  a  codified  version  of  the  Rose  model  [Ref.  4],  with  one 
very  important  difference.  Cobb  [Ref.  8]  modified  the  Rose 
model  to  take  into  account  the  effects  of  fin  efficiency.  The 
same  fin  efficiency  equation  used  by  the  Beatty  and  Katz  model 
[Ref.  2],  was  applied. 

All  numerical  values  of  outside  heat  transfer  coefficient 
and  enhancement,  presented  in  this  paper,  that  are  attributed 
to  Rose  (modified)  are  determined  by  using  this  program.  More 
information  for  the  program  HEATMEYER  is  given  in  Appendix  B. 

3.  Tsujimori 

In  1993,  Tsujimori  [Ref.  11],  produced  computer  codes 
which  calculate  outside  heat  transfer  coefficients  and 
enhancements  (for  a  given  temperature  difference)  for  the 
models  of  Nusselt,  Beatty  and  Katz,  Adamek  and  Webb,  and  Honda 
et  al.  All  numerical  values  of  outside  heat  transfer 
coefficient  and  enhancement  presented  in  this  thesis,  which 
are  attributed  to  Nusselt,  Beatty  and  Katz,  or  Adamek  and 
Webb,  or  Honda  et  al.,  were  determined  by  use  of  Tsujimori 's 
codes.  More  information  regarding  the  Tsujimori  programs  is 
given  in  Appendix  c. 
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V.  RESULTS  AND  DISCUSSION 


A.  GENERAL  DISCUSSION 

Data  were  taken  as  described  in  Chapter  IV,  with  two  runs 
being  done  on  each  tube:  one  at  atmospheric  pressure,  and 
another  under  vacuum  conditions.  Short  form  printouts  of  the 
data  as  taken  and  processed  by  program  DRPALL  are  included  in 
Appendix  D. 

The  names  of  the  data  files  give  information  on  the  tube 
type  and  configuration,  as  well  as  the  type  of  operation.  The 
first  two  letters  of  th^  file  nzune  tell  which  type  of  tube 
material  was  used.  For  example,  "ss"  means  stainless  steel, 
and  "cn"  means  copper-nickel.  The  numerical  values  in  the  file 
name  represent  the  fin  height  of  the  tube  where  ”15”  means  a 
fin  height  of  l.Smm,  ”125”  means  l.25mm,  ”1”  means  1mm  etc.,. 
Finally,  if  the  file  name  ends  with  an  ”A”,  that  means  the 
experimental  data  were  taken  at  atmospheric  pressure,  vice  a 
vacuum.  Any  file  that  ends  with  an  ”R”  means  that  an  original 
rttn  had  been  terminated  because  of  equipment  problems,  and 
that  the  run  had  been  repeated. 

Any  time  experimental  data  are  taken,  experimental 
uncertainty  becomes  an  important  concern.  Appendix  E  contains 
the  program  used  to  predict  the  uncertainty  for  any  given  run, 
as  well  as  a  brief  explanation  of  the  logic  used.  Appendix  E 
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also  contains  the  uncertainty  analyses  for  all  of  the  data 
runs. 

Related  to  uncertainty  is  the  issue  of  repeatability. 
Consistency  of  experimental  results  is  very  important.  In 
other  words,  it  is  vital  that  the  data  taken  reflect  the  way 
tubes  transfer  heat,  not  the  way  the  author  collected  his 
data.  To  demonstrate  repeatability.  Table  III  is  a  comparison 
of  data  taken  by  Cobb  [Ref.  8]  and  the  author  for  two  tubes  of 
identical  dimensions  (  1mm  fin  height,  1mm  fin  thickness,  and 
1.5mm  fin  spacing  )  at  vacuiim. 

Another  indication  of  repeatability  is  how  the  data  from 
one  tube  compares  with  that  of  another,  ie,  are  there  any 
trends  or  does  the  data  seem  entirely  random?  As  demonstrated 
in  the  plots  to  follow,  there  are  some  very  clear  trend  which 
help  establish  the  repeatability  of  any  one  individual  data 
run. 


TABLE  III.  COMPARISON  OF  INDEPENDENT  RUNS  OF  FINNED  TUBES 


TUBE 

MATERIAL 

Cl 

alpha 

ENHANCEMENT 

(delta  T) 

copper- 

nickel 

2.33 

1.07 

1.32  1 

(Cobb) 

1 
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copper- 

nickel 

(Meyer) 

2.68 

1.06 

1.30 

%  difference 

13.1 

1.5 

1.5 

copper 

2.99 

1.50 

1.85 

(Cobb) 

copper 

2.87 

1.51 

1.86 

(Meyer) 

%  difference 

3.9 

0.5 

1 

B.  HEAT  TRANSFER  COEFFICIENT  VS.  TSIPERATORE  DIFFERENCE 

Figures  5  through  12  are  plots  of  the  outside  heat 
transfer  coefficient  versus  film  temperature  difference  where 
the  temperature  difference,  again,  is  defined  as  the 
difference  between  the  saturation  temperature  of  the  steam  and 
the  outside  wall  temperature  of  the  test  tube  calculated  at 
the  base  of  the  fin.  Figure  5  also  shows  some  sample 
uncertaint  bars  as  determined  in  Appendix  E.  Two  points 
immediately  make  themselves  clear: 

1.  Improvement  of  Enhanced  Over  Smooth  Tube  Performance 
For  two  tube  materials,  copper  and  alvuninum,  data  were 
taken  on  smooth  tubes  with  the  same  outside  diameter  as  the 
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Ho  vs.  della  T  for  Cu-Ni  lubes  al  vacuum 
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Figure  7  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Copper-Nickel 
Tubes  at  Vacuum 


Ho  vs.  delta  T  for  Stainless  steel  tubes  at  vacuum 


xlO^  Ho  V3.  delta  T  for  Copper  tubes  (atmospheric) 
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Figure  9  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Copper 
Tubes  at  Atmospheric  Pressure 


33 


(W/(m 


xlO^  Ho  vs.  delta  T  for  Aluminum  tubes  (atmospheric) 


della  T  (degrees  K) 

Figure  10  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Aluminum 
Tubes  at  Atmospheric  Pressure 
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Figure  12  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Stainless  Steel 
Tubes  at  Atmospheric  Pressure 
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diameter  of  the  finned  tubes  at  the  base  of  the  fins  (ie  the 
root  diameter) .  Exactly  as  one  would  expect,  there  is  a  marked 
increase  in  the  heat  transfer  of  the  integral- 
fin  tubes  when  compared  to  the  smooth  tubes.  These  effects  can 
be  sBen  tmplcf^oCscSpdpBtividylOn  Tube  Performance 

When  comparing  the  data  for  high  conductivity 
materials,  such  as  copper  or  aluminum,  against  the  performance 
of  low  conductivity  materials,  such  as  copper-nickel  or 
.nless  steel,  it  becomes  apparent  that  the  conductivity  of 
the  material  plays  a  large  role  in  tube  performance.  There  is 
a  very  definite  trend  established  that  as  thermal  conductivity 
decreases,  so  does  heat  transfer  performance.  The  stainless 
steel  plots  in  particular,  (Figtures  8  and  12)  demonstrate  that 
beyond  fin  heights  of  O.Smm  for  vacuum,  and  0.75mm  for 
atmospheric,  the  effect  of  the  low  conductivity  is  so 
significant  (ie,  low  fin  efficiency)  that  the  heat  transfer 
coefficient  does  not  increase  with  fin  height. 

In  fact,  beyond  these  critical  fin  heights,  the  heat 
transfer  coefficient  decreases  with  fin  height.  This  can  be 
explained  by  the  fact  that,  as  described  previously  in  Chapter 
I,  as  fin  height  increases,  not  only  is  fin  efficiency 
reduced,  but,  the  amount  of  tube  that  is  flooded  increases, 
reducing  the  amount  of  tube  surface  for  effective  condensation 
to  occvir,  and  therefore  decreasing  the  outside  heat  transfer 
coefficient. 


C.  COHPARISCm  OF  DATA  WITH  PREDICTIVE  HODELS 

Flgiires  13  through  20  are  plots  of  outside  heat  transfer 
coefficient  against  temperature  difference  for  the 

experimental  data  and  five  predictive  models.  This  is  done 
for  tubes  of  a  fin  height  of  0.75mm.  The  models  are  those  of 
Adamek  and  Webb  [Ref.  3],  Honda  et  al.  [Ref.  5],  Beatty  and 
Xa<  .  [Ref.  2],  modified  Rose  [Ref.  4],  and  Nusselt  [Ref.  1] . 

The  Nusselt  model  is  for  a  smooth  tube  vice  a  finned  tube 
and  is  only  included  to  provide  an  indication  of  the 
enhancement  achieved  by  using  finned  tubing. 

There  are  two  models  which  seem  to  consistently  predict 
tube  performance  reasonably  well.  They  are  the  models  of  Rose 
(modified)  [Ref.  4],  and  Beatty  and  Katz  [Ref.  2]. 

The  Beatty  and  Katz  model,  which,  while  reasonably 
accurate,  consistently  over-predicts  the  experimental 
performance  of  the  integral-fin  tubes.  This  is  due  to  the  fact 
that  Beatty  and  Katz  neglected  the  effects  of  surface  tension. 
In  fact,  the  Beatty  and  Katz  model  clearly  is  more  accurate 
for  the  atmospheric  runs  than  it  is  for  the  vacuum  runs.  This 
is  because  the  atmospheric  runs  are  conducted  at  100  degrees 
C  (vice  48.7  C  diiring  vacuum  conditions)  where  the  condensate 
sxirface  tension  is  reduced. 

The  modified  Rose  [Ref.  4]  model  appears  to  be  overall  the 
most  accurate  model,  although  it  tends  to  under-predict  the 
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Figure  15  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Aluminum 
Tubes  at  Vacuum  Pressure 
with  Predictive  Models 
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Figure  17  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Copper-Nickel 
Tubes  at  Vacuum  Pressure 
with  Predictive  Models 
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Figure  is  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Copper-Nickel 
Tubes  at  Atmospheric  Pressure 
with  Predictive  Models 
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Stainless  steel  tube  (vacuum)  .75mm  fin  ht 


_  Nusselt  . .  Rose  (modified) 

—  Beatty  &  Katz  Honda  et  al. 

+  Adamek  &  Webb  o  experimental  data 


delta  T  (degrees  K) 

Figure  19  Experimental  Results  of  Ho  Vs. 

Temperature  Difference  for  Stainless  Steel 
Tubes  at  Vacuum  Pressure 
with  Predictive  Models 


experimental  ttibe  performance.  Of  course,  accuracy  coupled 
with  conservatism  can  be  a  very  desirable  design 
characteristic.  Actual  values  of  enhancement  as  predicted  by 
modified  Rose,  experimental  enhancement,  and  the  percent 
difference  between  the  two,  will  be  presented  later  in  tabular 
form. 

As  Figures  13  through  20  show,  the  Adamek  and  Webb  [Ref. 
3]  model  tends  to  excessively  over-predict  the  performance  of 
integral-fin  tubes.  Though  the  model  displays  the  correct 
trends,  the  relative  inaccuracy  and  complexity  compared  to  the 
modified  Rose  model,  would  tend  to  render  the  Adamek  and  Webb 
model  unusable. 

The  Honda  et  al.  [Ref.  5]  model  demonstrates  the  ability 
to  be  extremely  accurate,  but  its  predictions  vary  widely  as 
the  model  steps  through  its  different  sub-cases  (the  wide 
changes  in  outside  heat  transfer  coefficient  predicted  by  the 
Honda  model  do  not  seem  to  be  borne  out  by  the  experimental 
results) .  Again,  the  complexity  and  often  inaccuracy  of  the 
Honda  model  makes  other  models  such  as  modified  Rose,  more 
appealing.  The  inaccuracies  of  the  Adamek  and  Webb  [Ref.  3] 
and  Honda  et  al.  [Ref. 5]  models  may  be  due  to  errors  in  the 
codes  established  by  Tsujimori  [Ref.  11]. 

O.  ENHANCEMENT  VS.  FIN  HEIGHT 

Figures  21  and  22  are  plots  of  the  experimental 
enhancement  ratio  versus  fin  height  for  all  four  tube 
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Enhancement  vs.  fin  ht  (vacuum) 
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Figure  21  Experimental  Results  of 

Enhancement  Vs.  Fin  Height  for 
All  Tubes  at  Vacuum  Pressure 
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Figure  22  Experimental  Results  of 

Enhancement  Vs.  Fin  Height  for 
All  Tubes  at  Atmospheric  Pressure 


materials.  The  enhancement  is  defined  as  the  ratio  of 
experimentally  found  outside  heat  transfer  coefficient  at  a 
given  temperature  difference,  over  the  outside  heat  transfer 
coefficient  for  the  same  temperature  difference  as  predicted 
by  Nusselt.  There  are  three  major  points  which  can  be  derived 
from  these  plots: 

1.  Smooth  Tube  Performance 

For  the  copper  and  aluminum  smooth  tubes  (ie  fin 
height  equal  to  zero) ,  one  can  see  a  slight  enhancement  over 
that  predicted  by  Nusselt.  This  is  due  to  the  fact  that 
contrary  to  Nusselt 's  assumption  of  a  quiescent  vapor,  there 
is  a  downward  vapor  velocity  associated  with  the  experimental 
data  (approximately  2  m/s  for  vacuum  runs  and  1  m/s  for  the 
atmospheric  runs) .  This  vapor  velocity  tends  creates  a  shear 
force  that  thins  the  condensate  film  and  enhances  heat 
transfer . 

2.  Effect  of  Fin  Height  on  Enhancement 

Again,  particularly  for  high  conductivity  materials, 
as  fin  height  increases,  so  does  performance.  For  example,  for 
copper  and  aluminum  tubes,  one  can  see  an  increasing 
enhancement  up  to  a  fin  height  of  1.5mm,  and  the  data  appear 
to  demonstrate  that  a  further  increase  in  enhancement  may 
occur  if  fin  height  is  further  increased.  However,  this  is  not 
so  for  low  conductivity  materials  as  discussed  in  the  next 
section. 
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3.  Effect  of  Conductivity  on  Enhanceeent 

Low  thermal  conductivity  materials  severely  reduce 
enhancement.  As  can  be  seen  in  Figures  21  and  22,  raising  the 
fin  height  would  not  necessarily  result  in  further  enhanced 
performance.  Even  for  a  material  with  an  intermediate  thermal 
conductivity,  such  as  copper^nickel  (see  Figure  21) ,  beyond  a 
fin  height  of  about  0.75mm,  there  is  little  increase  in  the 
enhancement.  For  stainless  steel,  the  enhancement  decreases 
for  a  fin  height  above  0.5  -  0.75mm,  depending  on  the 
operating  conditions. 

In  the  present  study,  the  minimum  fin  height  used  was 
O.Smn.  For  stainless  steel,  it  is  observed  that  under  vacuum 
conditions,  the  enhancement  peaks  at  a  fin  height  of  0.5mm  and 
decreases  for  larger  values.  A  recent  work  by  Jaber  and  Webb 
[Ref.  6],  shows  that  for  titanium  tubes,  which  have  a 
conductivity  near  that  of  stainless  steel,  the  enhancement 
increases  with  increasing  fin  height  of  0.28  and  0.43mm.  It 
appears  that  for  such  tubes,  0.5mm  fin  height  would  result  in 
an  optimum  performance.  However,  more  experimentation  with 
lower  fin  heights  is  required  before  any  firm  conclusions  can 
be  reached. 

E.  COMPARISON  OF  ENHANCEMENT  WITH  THE  ROSE  (MODIFIED)  MODEL 

Fig\ires  23  through  30  are  plots  of  enhancement  versus  fin 
height  and  compare  the  experimental  data  to  the  predictive 
results  of  the  modified  Rose  model.  Note  that  for  all  the 
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Enhancement  vs.  fin  ht  for  Copper  tubes  at  vacuum 
+  experimental  results 
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Enhancement  vs.  fin  ht  for  Aluminum  tubes  at  vacuum 


Fin  ht  (mm) 

Figure  24  Experimental  Results  of 

Enhancement  Vs.  Fin  Height  for 
Aluminum  Tubes  at  Vacuum 
with  the  Rose  Model 
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Enhancement  vs.  fin  hi  for  Cu-Ni  tubes  at  vacuum 
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Figure  25  Experimental  Results  of 

Enhancement  Vs.  Fin  Height  for 
Copper-Nickel  Tubes  at  Vacuum 
with  the  Rose  Model 
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Enhancement  vs.  fin  ht  for  Stainless  steel  tubes  at  vacuum 
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Figure  26  Experimental  Results  of 

Enhancement  Vs.  Fin  Height  for 
Stainless  Steel  Tubes  at  Vacuum 
with  the  Rose  Model 
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Figure  29  Experimental  Results  of 

Enhancement  Vs.  Fin  Height  for 
v-’opper-Nickel  Tubes  at  Atmospheric 
Pressure  with  the  Rose  Model 
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Enhancement  vs.  fin  ht  for  Stainless  steel  tubes  (atmospheric) 
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Figure  30  Experimental  Results  of 

Enhancement  Vs.  Fin  Height  for 
Stainless  Steel  Tubes  at  Atmospheric 
Pressure  with  the  Rose  Model 
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plots,  the  modified  Rose  model  demonstrates  a  reasonable  to 
very  good  predictive  capability.  The  only  glaring  shortcoming 
of  the  Rose  model  is  its  inability  to  predict  the  performance 
peaks  of  stainless  steel  at  low  fin  heights  (Figures  26  &  30) . 

Surprisingly,  even  though  the  original  Rose  model  was 
developed  using  experimental  data  for  copper  tubes  at 
atmospheric  pressure,  the  modified  Rose  model  works  well  for 
all  tube  materials.  In  addition,  one  might  expect,  that  the 
modified  Rose  model  would  work  best  for  copper  tubes  at 
atmospheric  pressure,  when  in  fact,  this  is  not  the  case.  This 
may  be  at  least  partially  explained  by  recognizing  that  the  B 
coefficients  for  the  Rose  model  were  determined  without  taking 
into  account  fin  efficiency.  Adding  a  fin  efficiency  to  create 
the  modified  Rose  model  would  then  make  the  coefficients 
incorrect  since  they  essentially  include  the  effects  of  copper 
fin  efficiency,  assximed  to  be  unity.  Accuracy  of  the  modified 
Rose  model  improves  for  conductivities  less  than  that  of 
copper,  probably  because  the  effects  of  fin  efficiency  become 
increasingly  predominant. 

Table  IV.  compares  enhancement  for  a  given  experimental 
data  run  to  the  average  enhancement  as  predicted  by  Rose 
(modified)  for  the  same  film  temperature  difference. 

Note  that  with  very  few  exceptions,  the  modified  Rose 
model  was  able  to  predict  the  experimental  data  with  good 
accuracy.  The  few  exce,  tions  may  be  more  an  indication  of 
ex{:erimental  error  than  of  problems  with  Rose's  (modified) 
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model.  The  potential  of  the  modified  Rose  model  warrants  more 
experimental  data  to  further  establish  its  validity. 


TABLE  IV.  EXPERIMENTAL  AND  ROSE  MODEL  ENHANCEMENTS 


TUBE  TYPE 

EXP 

ROSE 

(MODIFIED) 

%  DIFF. 

CU5 

1.53 

1.41 

7.8 

CU75 

1.65 

1.60 

3.0 

CUl 

1.86 

1.82 

2.1 

CU125 

2.10 

2.04 

2.8 

CU15 

2.16 

2.21 

2.3 

AL5 

1.27 

1.39 

9.4 

AL75 

1.65 

1.57 

4.8 

ALl 

1.73 

1.79 

3.5 

AL125 

1.69 

1.96 

15.0 

AL15 

1.91 

2.09 

9.4 

CN5 

1.17 

1.28 

9.4 

CN75 

1.28 

1.37 

7.0 

CNl 

1.30 

1.49 

14.6 

CN15 


1.38 


1.58 


14.5 


TUBE  TYPE 

EXP 

ROSE 

(MODIFIED) 

1 

SS5 

1.20 

1.02 

SS75 

1.12 

1.02 

SSI 

0.96 

1.03 

SS125 

0.91 

1.02 

SS15 

0.96 

1.01 

CU5A 

2.11 

1.47 

CU75A 

2.14 

1.70 

CU125A 

2.44 

2.16 

CU15A 

2.60 

2.34 

AL5A 

1.30 

1.44 

AL75A 

1.75 

1.66 

ALIA 

2.14 

1.91 

AL125A 

1.96 

2.08 

AL15A 

1 

2.24 

2.23 

CN5A 

1.32 

i 

.  .  1 

1.35 

CN75A 

1.52 

1.48 

CNIA 

1 

1.61 

1.61 

%  DIPF. 


15.0 


8.9 


12.1 


5.2 


30.3 


20.5 


11.5 


10.0 


10.8 


5. 


6.1 


6. 
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TUBE  TYPE 

EXP 

ROSE 

(MODIFIED) 

%  DIFF. 

CN15A 

1.83 

1.72 

6.0 

SS5A 

1.36 

1.10 

19.1 

SS75A 

1.44 

1.13 

21.5 

SSIA 

1.14 

1.15 

0.9 

SS125A 

1.17 

1.15 

1 

SS15A 

1.10 

1.13 

2.7  1 
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VI.  CONCLUSIONS  AND  RECOMMENDATIONS 


A.  CONCLUSIONS 

Experimental  data  were  obtained  for  steam  condensation  on 
integral-fin  tubes  made  of  copper,  aluminum,  90/10  copper- 
nickel,  and  316  stainless  steel  at  both  atmospheric  and  vacuum 
conditions.  The  tubes  used  had  a  root  diameter  of  13.88mm,  a 
fin  thickness  of  1.0mm,  a  fin  spacing  of  1.5mm  and  fin  heights 
ranging  from  0.5mm  to  1.5mm,  in  0.25mm  increments.  From  this 
data,  the  following  conclusions  can  be  made: 


1.  Reliable,  repeatable  data  have  been  obtained,  on  the 
performance  of  integral-fin  tubes  of  varying  materials 
and  fin  heights. 

2.  For  high  conductivity  materials,  such  as  copper  or 
al\iminum,  as  fin  height  increases  so  does  the 
enhancement  of  performance. 

3.  For  low  conductivity  mat^,  ^Is,  such  as  stainless 
steel, the  effect  of  incr^’as.ng  surface  area  for  heat 
transfer  by  raising  fin  ght,  is  negated  by  both  the 
poor  fin  efficiency,  and  the  increased  flooded  area  of 
the  tube,  resulting  in  a  decrease  in  heat  transfer 
performance. 

4.  Of  the  examined  predictive  models,  the  modified  Rose 
model  seems  to  be  the  most  accurate.  This  is  despite 
the  fact  that  his  empirically  determined  coefficients 
were  found  only  with  data  for  a  copper  tube  at 
atmospheric  pressure. 
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B.  RBCOmiBIlDATIONS 


1.  Use  the  results  from  tubes  tested  in  this  work  and  in 
future  work,  to  evaluate  the  B  coefficients  in  the 
modified  Rose  model  to  determine  if  the  B  values  need 
to  be  changed. 

2.  Test  tubes  at  a  fin  height  of  1mm  with  a  fin  spacing 
ranging  from  0.5mm  to  2.0nm  to  find  a  spacing  which 
maximizes  heat  transfer  enhancement  for  each  tube 
material. 

3.  Test  tubes  at  a  fin  height  of  1mm  with  a  fin  thickness 
ranging  from  0.25mm  to  1.5mm  to  find  a  fin  thickness 
which  maximizes  heat  transfer  enhancement  for  each 
tube  material. 

4.  Using  the  results  from  2  and  3,  find  the  ideal  fin 
configuration  which  maximizes  heat  transfer  enhancement 
for  each  tube  material. 

5.  Experimentally  determine  how  changing  the  root  diameter 
of  a  ttibe  changes  the  results  in  4. 

6.  Continue  with  the  computer  upgrade  in  progress,  to 
ensure  faster,  more  timely  analysis. 

7.  Install  a  sight  glass  defogger  on  the  test  apparatus  to 
enable  the  operator  to  easily  visualize  the  tube  during 
testing. 

8.  Install  a  throttle  valve  to  more  precisely  regulate 
the  cooling  water  flow  through  the  test  tube. 
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APPENDIX  A.  -  PROGRAM  DRPALL 


The  computer  program  DRPALL,  is  a  program  written  in  HP 
Basic  3.0  which  drives  the  HP  3497  Data  Acquisition  Unit. 
DRPALL  takes  the  raw  data,  and  using  the  Modified  Wilson  Plot 
Technique,  calculates  the  test  tube  outside  heat  transfer 
coefficient.  DRPALL  also  takes  into  account  frictional  heating 
of  the  test  tube  coolant,  as  well  as  tube  end  effects  (ie  it 
considers  the  fact  that  the  two  ends  of  the  test  tube  act  like 
fins) . 

More  information  on  program  DRPALL  can  be  obtained  by 
contacting: 

Prof.  Paul  J.  Marto,  Code  ME/Mx 
Department  of  Mechanical  Engineering 
Naval  Postgraduate  School 
Monterey  Ca.  93943-5002 
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APPENDIX  B.  -  PROGRAM  HEATNEYER 


HEATMEYER  is  the  program  which  predicts  the  outside  heat 
transfer  coefficient,  and  enhancement  of  integral-fin  tubes 
based  on  the  modified  Rose  model  [Ref.  4].  HEATMEYER  is  a 
slight  alteration  of  Cobb's  HEATCOBB  [Ref.  8].  More 
information  on  program  HEATMEYER  can  be  obtained  by 
contacting: 

Prof.  Paul  J.  Marto,  Code  ME/Mx 
Department  of  Mechanical  Engineering 
Naval  Postgraduate  School 
Monterey  Ca.  93943-5002 
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APPENDIX  C.  -  TSUJIMORI  COMPUTER  CODES 
These  codes,  written  by  Tsujimori  [Ref.  11]  are  written  in 
the  "C  computer  language.  There  are  a  total  of  three 
individual  programs.  One  program  for  Nusselt  [Ref.  1]  (as  a 
reference),  as  well  as  Beatty  and  Katz  [Ref.  2],  one  program 
for  the  Adamek  and  Webb  [Ref.  3]  model,  and  the  last  program 
for  the  Honda  et  al.  [Ref.  5]  model. 

All  three  programs  are  interactive  and  are  written  such 
that  the  user  may  specify  the  test  tube  parameters  for  any 
tube  without  having  to  alter  the  program.  All  three  programs 
generate  data  files  of  heat  transfer  coefficient  vs. 
temperature  difference,  as  well  as  enhancement  ratio  vs. 
temperature  difference  or  heat  flux  or  fin  spacing.  For  more 
information  on  the  Tsujimori  codes,  contact: 

Prof.  Paul  J.  Marto,  Code  ME/Mx 
Department  of  Mechanical  Engineering 
Naval  Postgraduate  school 
Monterey,  Ca  93943-5002 


70 


APPENDIX  D.  -  EXPERIMENTAL  DATA 


This  Appendix  has  short  form  printouts,  generated  by 
program  ORPALL,  for  all  data  runs  taken. 


MGTE;  ProQran  nans  :  OPPftL'- 

Gata  talisn  &v  ■  “£Y£S 

This  anaiys'.s  aons  on  fils  :  CUiS 
This  analysis  incluiSas  ena-fir,  affsci 
Thernal  conauctlvify  =  33G.3  <y/n.K) 

Insids  dianstsr,  Cl  *  i2.7G  (mn) 

GutsiuS  dianstar,  Co  ^  !3.33  (nn) 

This  analysis  usss  ths  OCftfiTZ  THcnflCftETER  rsadinja 

flodifisd  Patukhov “Poouv  cosffioisn*  ~  Z>S3uv 

uSinj  HEATSX  inssr*  insids  tuds 

Tuda  Ennancansnt  :  RECTANSCLAR  PINNEC  TCSE 

Tuoa  na^srial  •  GGPPER 

Prsssura  condition  •  l/ftC*JUtl 

Nussslt  tnaory  is  ussu  fon  Ho 

'^OaSSu  uii  ra liUNrujv— ,“uuov  /  -  i. ,  (  oo  i 


Aloha 

( dasac 

on  iNussal  i 

/  •  » 

\  1  U6  L  f  f  J 

.3383 

Ennancanant 

<0  ) 

f  J 

II 

.437 

Ennancanant 

j  1  T  \ 

\  UC^*  \  i 

*  1 

.333 

UQ  u  d 

(JU 

uO 

HO 

WM 

^  -m  ^ 

1  W  » 

1  a 

w 

{  t^/  5  ) 

j  <1  n  % 

(U/.n‘'2-K  5 

(C  ) 

y 

V  u 

\ 

a 

-r  « 

»  a  a  * 

1  «  •  V** 

2 . 1  TCE-t-Si 

3.332E+35 

17.33 

43.33 

4 

T 

u 

3.3! 

3.33 

1,41 3E+84 

1  . 

.  /%  a 

« * 

3.333Er3S 

3.S38E^-3S 

1  ^ 

1  r  »  1  ^ 

13.33 

43.33 

43.33 

«•> 

2.73 

1  .33SE'^84 

-a  *»  •  a  a 

i  •  -*  * 

3,S3Sc+3S 

>  a  •  43 

43.33 

^  ‘I*? 

1  .217E4-34 

^  a4?x.f?^ 

3.233E+0S 

*  a  4  » 

1  <#  •  t  1 

^3  •  S4 

Q 

;  .33 

1  . 1  ;3E-t-34 

»  •  •►’M  < 

3.333E+3S 

»  <5  C»/i 
t  4  •  9<V 

43.37 

j 

;  .16 

3.723E^-33 

4  *  OW  • 

2.3*1 E+3S 

3.33 

43.77 

Lsast-sduarss  line  for  o  *  a*dslta-T*& 
a  =»  a.S473S^-3A 

0  =  7.333?3E-3t 


*4CTE •  G7  data  doints  wars  storsd  in  fila  CC*3 
NOTE:  37  X-Y  oairs  uera  storad  in  data  fils 
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ni  lo  c> 


PraQran  nans  :  CRPALL 
Oat A  takan  ay 

This  analysis  uona  on  Til*  :  CUiZSP 
This  analysis  incluflas  anc-fin  a'fact 
Tharnal  oonauctl '^ity  *  *3S.3 

Insiaa  aianaiar ,  Cl  *  52.73  Inm/ 

Cutsiaa  aianatar  .  Co  *  5  3.33  (nn) 

This  analysis  usas  tha  GCART2  THERnChETc"  raaainas 


.'5EYER 

I  « 


hodii'iaa  Ps-tuNhOv-Poaov  coat’l’iciani  =  2.S333 


Using  HSATEX  insar*.  inside  tuba 
Tuae  Ennancanant  **  RECTANSULAR  rlNS’-iEC 

Tuba  i’^axarial  •  wuPPER 

pf"  a  3  sun  a  oonaition  .  vAowU*i 
rftisselt  theory  is  used  'or  Ho 

vbasad  on  PatuSinov-PobOv  >  *  Z.37iS 


TU8E 


Ipha 

\ based 

on  Nussalt  < 

Tda 1  / )  *  5 . 

^S7 1 

inhancainant 

\  a  f 

*  2. 

233 

inhanceitant 

/  * 

\  UCi  •  •  f 

*  5  . 

35  5 

lata 

Vuj 

Uo 

Ho 

T  «  a 

1  w  t 

T*  « 
i  3 

If 

(fl/3  ) 

5  U/n  ‘'2—X  5 

lU/m'Z-K ) 

(U/n-'C  5 

( C  / 

( c 

1 

1 

4 . 3S 

1 .322E+34 

5 . 3388^34 

3.3S3E^■33 

•^C 
•  t  ^ 

*  ft  *7^ 

3.33 

! .273E+34 

5.333E+S4 

3.333E+3S 

4  n  ^ 

•*0  «  90 

3.33 

1 .2S1E^34 

!  .3S3E-S-34 

3. 75  3£'*-3S 

»  ty 

t  i  •  </6* 

4 

.  S3 

& 

4  «  <  < 

5 .233E+34 

5  .333£<-34 

3.S5;£-3S 

♦ 

1  <  •  Ou 

^3 . 43 

s 

^  «  4W 

5  .  5S5E+-34 

2.332E+34 

3.3S2EV3S 

>S.  1  a 

43.23 

8 

{  *73 

5  ,347S'*'34 

2.533E+34 

3.343E+3S 

54.53 

43.33 

/ 

1  . 1 7 

3.2S1S+33 

2.2S3£-f-34 

2.3SSE‘*'3S 

5  5  .73 

43.43 

-sauares  Una  for  p 

*  a*tialta“T' 

'b 

a  » 
a 


i.  I33rE<-3<i 
7.S333E-35 


NOTE;  37  data  points  uara  storaa  in  file  CU52SR 
NOTE;  37  X-Y  pairs  uara  stored  in  data  file 
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o  <c  w 


MOTE:  Program  name  :  ORPALL 

Cat  a  tadan  ay  •  ftSTES 

This  analysis  dona  on  Til a  ’  CUTS 
This  analysis  includas  and-fin  effact 
Tharmal  conductivity  *  330.3  vU/m.K! 

Inside  diamatar ,  Ci  »  iZ.TS  vmm; 

Outside  diametar ,  Co  *  '3.33 

This  analysis  uses  tha  COARTZ  THERncnETSR  readings 

tlodifiad  PatuXTiQv-Poaov  ooaTTiciant  *  Z.S3CC 

Using  HEATEX  insart  inside  tuoa 

Tuda  Enhancamant  :  RECTAKSuLAR  FIMNEC  TUBE 

Tuda  material  :  COPPER 

Pressure  condition  :  UAC'uUfi 

Nussalt  theory  is  used  for  Ho 


1  (dasad  on  PatuKhov-Pooov )  *  Z.»37Z 

.  ^  .. _ _ _ _ _ -1^  >  Tw-.  <  »  •.  •  • 


Aldha 

(dasad 

on  ‘4ussalt  ( 

Tael  5  5  *  1  .3344 

Enhancamant 

K  a  / 

*  i.34S 

Enhancement 

<Oal-T> 

*  1 .5*7 

Cata 

Uu 

Uo 

Ho  Go 

Tcf 

* 

<  m/  a  / 

(i<i/m*Z-X ) 

<'4/m''2-K)  <  14/m  *2) 

(C! 

• 

< 

4.35 

t . 1 32E+34 

1 .SS3E+34  3.337E+3S  2 

3.53 

3.33 

! . IS3E+84 

I.7S3E+34  3.43SE+3S  13.35 

3.33 

i  .^33E^•34 

I.772E+84  3.23SE+35  13.53 

m*  t  f 

1 .344E+34 

1.7SSE+34  3.1Z3E+85 

/  •  ov 

5 

U  « 

3.343E+33 

1 . 73SE+34  Z . 343E+35 

ff 

O  •  J  ( 

5 

!  .73 

3 . 4E+33 

1 .383E+84  2.323E+35 

1  70 

*  •  •» 

>  •  1  / 

3 . 1 34E+33 

Z.lZSc+(^4  Z.41ZE+35 

1  •  ^3 

3 

«  • 

1  •  <  / 

3.373£^-33 

Z.333E+84  Z.4Z3E+3S 

•  S*' 

1  ■  Oa. 

3 

!  .73 

3,!S3E+33 

1.31SE+S4  Z.777E+8S 

« .  53 

1  A 

1  a 

^  A 
e.  im'* 

1 .313E+34 

1.3ZSc+34  3.38SE+35 

5.34 

« 

1 

•% 

1 .371 £+34 

1.344E+34  3.243E+35 

7.S! 

12 

T 

1  .lZZE+34 

1.3i3£+34  3.453E+3S 

3.33 

•  ^ 

1  J 

3.33 

I . ! 73E+34 

1.314E+34  3.377E+35 

13.72 

14 

4.37 

1 .Z14E+34 

1 . 323E+34  3 . S  33E+35  23 . 33 

Laast-sauaras  Una  far  q 

•s  a«dalta-T“d 

a  * 

3.7431E+34 

a  * 

7.S333E-31 

MOTE: 

!4  da' 

;a  points  were  storad  in  fila  C'J7S 

MOTE:  U  X-Y  pairs  uere  storad  in  data  fila 


Ts 
\  C  / 

43 . 73 

48.43 

43 . 54 
43.35 

43.73 

43.43 

43.55 
43.33 

43.73 
43.5! 
43.33 
43.75 
43.53 
43.53 
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Program  nans  '  CRPALL 

Cat  a  t  alt  an  oy  •  “EYES 

Thia  anaiyais  iona  on  fila  ’  wua 

This  analysis  inciudas  and-Tin  sffact 

Tharmai  oonductlvity  =  330.3  ;y/m.X) 

Inside  diamatar,  Cl  *  !C.T0  ^ mn ) 

Outside  diameter,  Co  *  13.33  (mm) 

This  analysis  usas  tna  QUARTZ  THERftChETER  readings 

Mcai?iad  Petuttnov-PoBOv  coefTioiant  *  Z.3CC3 

Using  HSATiX  insert  inside  tuoa 

Tuae  Ennanc ament  :  R£CTANSUt_ftR  PINNEC  TUSE 

Tuae  material  •  wwPPwn 

Pressure  condition  *  JAuuUn 

Nusselt  theory  is  used  Tor  ho 


Cl  (aasad  on  Patukhov-Poaov )  * 
Aldha  vBased  on  Nus Seit  vidaxi>  — 
Snnancamant  (oi  ® 
Ennanc ament  (Cal-T)  * 


1. .  j  t  »- 

:  .243! 


It  a 

vU 

Uo 

Ho 

Tdf 

1  d 

k 

p 

J  ^  J  m  \ 

<W/m"2-K  > 

i  ti*/m'*2—K ) 

(U/m-Z ) 

(C  J 

i  w 

1 

4 

^  •  W  ‘ 

i .33CE+34 

1 .S32E+04 

3.3S3E+0S 

*4  1  TQ 

«•  1  •  W  M 

43.73 

3.34 

1 .0S3Er34 

! .337E+34 

3.2S3E-3S 

•  3  i 

43.31 

3 « 32 

1  .343E*34 

1  .SS4£t-04 

3.133E+3S 

4  n 

1  i  4  ^  i 

4  0  ^  ^ 

•  ••i* 

a 

^  4  1  1 

3.3!3e+03 

!  .S33£^•04 

3.05SE+0S 

;  3 . 46 

43.67 

s 

n  n  4 

«  «  4^^ 

3,:s8e+03 

! .SSSS+04 

2.333E+0S 

•  ^  * 

43.67 

S 

5  .70 

3 . 44SE-t-03 

1 .S30E+04 

:.SSS£+0S 

IS. 13 

^3  •  S3 

«-r 

t 

*  *  ^ 

»  «  1  1 

7.S23E+03 

i  .320E+-04 

2.3! !£+0S 

t  ^ 

1  4»  • 

43.33 

3 

1  •  1  ^ 

t  4  t  ( 

7.370S^-03 

; .347S^04 

2.3!7S+0S 

1  1 

43.30 

3 

1  .73 

3.7S3e^-33 

! . 334E+34 

2.SSSE+0S 

!  «.53 

43. SI 

3 

^  2^± 

3.373SI-33 

! .733E+04 

2.360E+0S 

16.33 

43.  S4 

^  *9^ 

(••II 

!  . S0SEr04 

I  .732£^-04 

3.3SSE+0S 

!3.31 

4  Q 

-f 

W 

; .343e+34 

: .SS3E+04 

3.233E+3S 

13.23 

•  .n  4  ^ 

4  "^tm 

▼  OT 

w  «  0  w 

!  ,333E-^34 

! .SS7E+04 

3.332E-^3S 

I  • 

imU  4  r  1 

^3  .SS 

X 

*  •  W  » 

1  .!  ;3E+'34 

i  .S22E+04 

3.333E+3S 

23.30 

43.57 

Laast-sauaras  line  Tor  q  *  a^aalta-T-a 
a  »  2.4S3aE-!-34. 
a  »  7.3303E-'35 


?40T£:  14  data  Boints  ware  stored  in  file  CUS 
MOTE:  i4  x-Y  pairs  ware  stored  in  data  file 


MCTE:  Proaraw  nana  :  CPPALL 

Oa*a  ‘an an  av  •  “SI'SR 

Thia  analvaia  uona  on  •  uuofli 

This  analvsia  incLudaa  ana-fin  affact 
Tharmai  conauctlvitv  *  335.3  <U/n.K) 

Inatda  aiaMatar,  Ci  *  12.75  (nn5 

Gviiaiaa  aiawater  .  Co  *  !i.33  inn'/ 

Thia  analysis  usas  tfta  QUARTZ  TMESnCrtETER  raaamcs 
rtoaifiao  PatuKnov-Pooov  coafficiant  *  2-3555 


■Jsina  HE-ATEa  insert  insiae  tuoe 
Tuoa  Ennancamant  :  SXCTH  TUBE 


7  up  a  me 

tanal 

;  CCPPER 

Prassur 

a  conPl t ion 

:  VACULft 

.Vussalt 

tnaory  is 

Usdu  for  Ho 

Cl  voasea  on 

Patult.nov-Pooov ;  *  2.3335 

Alpna 

V  Pasaa 

cn  r4u3  36lt 

vTPal))  ®  5.33S2 

Ennancemant  ( 

*  *1  .343 

Ennancemant  <Cal-T) 

«  * .532 

C&ta 

Vu 

UO 

Ho  Q9 

Tcf 

Ts 

* 

<m/3  5 

<U/m*2-f<)  <y/m*2) 

(C) 

(C 

4.. 37 

7.73SS+S3 

5 .553S+54  2.383E+3S 

43.45 

3.33 

7.S3SE+53 

1.553e^54  2.346E+35 

•  c 

•  t  Q 

43.  SS 

3 

3.35 

7.SS3E+S3 

?.5S3E+54.  2.342S+3S 

4«»  •  n 

43.42 

4 

-1 

u*  f  < 

7..tS2£+53 

•..573E+54  2.277E+5S 

ST 
•L  1  •  1  «; 

43.43 

s 

^  ^  a 

im  «  C'* 

7.5  iSE-^-SC 

I.33JS+34  2.I7SC+55 

53.35 

43.52 

s 

t  .75 

S.S3SE+53 

!.|33E+B4  :.543E+'5S 

<3.52 

43.35 

i 

•  # 

1  •  1  ( 

S.3SSE+33 

5.;73£+34  J.323E+85 

•  c  c  •• 

1  a  3*^ 

43.55 

3 

«  «  ^ 

i  •  1  < 

S.575E^-S3 

t.;73E+34  : .33SE+3S 

'3»S7 

43.74 

3 

!  .75 

3,S73E+53 

5.5*.Se+54  2.337E+3S 

53.23 

43.55 

‘•3 

7.33SE+53 

;.57;e+34  2.;s4E+3S 

25.25 

43.55 

•  I 

1  1 

4m%  (  i 

7..:35£+53 

5.384E-*-54  2.233E+5S 

n  • 

4»  t  •  1  S 

43.45 

12 

3.35 

7.SS3E+53 

i.5S3e+34  :.353E+5S 

•  to  w 

4  O 

•  9w 

13 

3.3i 

7.773e+53 

;.533E+54  2.453E+5S 

23.  IS 

4 

**Q  «  i  1 

u 

4 

*»  •  W  « 

7.312S+53 

1.3t2E+54  2.432E+5S 

24.53 

43.97 

Least 

-Souares  Lina  for  Ho  \s  q  curve; 

Slope 

Intercept 


5.5555£-)'55 

5.5555E>55 


Laast-SQuaras  Una  for  q  «  a^aelta-T'S 
a  »  2.2333S+54 

p  «  7.3355e-5*. 
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NOTE:  Progpan  nan*  :  CRPALL 

Cat a  taken  av  •  MEYES 

This  analysis  dona  on  file  :  C'JSSA 
This  analysis  includas  ana-fin  affact 
Tharnal  conductivity  »  333.3  (U/n.K) 

Inside  dianater,  Oi  »  ;2.T3  (mw) 

Outside  dianatar,  Co  •  :3.33  (nn) 

This  analysis  uses  tha  CUftRTI  THERrCttETER  readings 

rtodlfied  Patukhov-Pooov  coafficiant  *  2.3333 

wsing  HEftTEX  inaart  inside  tuOe 

TuOa  Enhancanant  •  RECTANGULAR  PINNEC  TliSE 

Tad a  material  i  COPPER 

Prassura  condition  :  ATMOSPHERIC 

Nussalt  theory  is  used  for  Ho 


Cl  (dasad  on 

Patukhov -Popov )  «  3 . 5  373 

Alpna 

(aasad 

on  raissalt  ' 

Tdel ) )  »  2.2!  !S 

Ennancanant 

<  q ) 

a  3.373 

Ennancenant 

{Oel-T ) 

*  2.332 

Cata 

UVi 

Uo 

Ho  Cp 

Tcf 

Ts 

* 

♦ 

<m/s  / 

<U/m*2-K) 

<U/w-2-K)  (W/m-Z) 

(C! 

(C 

< 

».3Z 

1 .7S3E+34 

2.S37S+34  J.233E+3S 

48.34 

33.35 

3,73 

i .7tSE+34 

2.737S+34  I.2S3E+3S 

43.33 

33.37 

▼ 

W 

▼ 

W  « 

!  .3533^34 

2.773E+34  !.233E+3S 

43.33 

<  VA 

1  •  J<0 

4. 

-a  -Pa 

:  .S3SE-«-34 

2.3S3E+34  !.i43E+3S 

43.13 

33.33 

3 

-a  ^  • 

1 .43SE+34 

2.311 £+34  1.377E+3S 

33.33 

',ZZ.\2 

O 

;  .S3 

1 .331E+34 

3.12SE+34  3.333E+3S 

^  ?  SC 

! v3 .33 

{  .'.3 

i .22SE+34 

3.47SS+34  3.S38£+3S 

a 

,  t  iJ 

33.33 

3 

; .  !S 

! .22: £+34 

3.4S4E+34  3.S7SE+33 

24.33 

33.33 

3 

!  ,S3 

: ,337E+34 

3,!33E+34  3.333E+3S 

3!  .35 

33 . 72 

!3 

; .S3SC+34 

3.3S3E+34  1.393E+3S 

33.34 

33.34 

t ; 

4  .  f 

5 .S33E+34 

2.389£+34  ;.t73£+3S 

▼  Q  t  C 

j  « .  1  a 

33.77 

j: 

3.23 

! .724E+34 

2. 351 £+34  1.243E+3S 

42.12 

1 88.23 

13 

3.73 

; .31 lE+34 

2.3S3E+34  1 .234E+3S 

43.-73 

188. !2 

t* 

4.3« 

1 .3GSE+34 

Z.32SS+34  I.334E+3S 

45.3! 

!88.28 

Least 

-souares  line  for  q 

*  a+delta-T'a 

a  ■ 
a  * 


7 ,  it37iE+3A. 
7.S833E-3I 


‘4CTE:  u  data  points  uara  stored  in  file  C'JlSA 
f4CTE:  ti  X-Y  pairs  uera  stored  in  data  fila 
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NOTE'-  PraQraw  na»a  :  GRPAUL 

Data  takan  ay  •  iiEYEP 

This  anaiysia  dcna  on  fila  *  C'JiZSA 
Tr»ia  analyais  inciuaaa  and-fin  affact 
Tharnai  conductivity  »  338.3  {W/n.XJ 

Inaida  dianatar,  Gi  »  12.78  <»«> 

Outsida  diawatar,  Co  »  13.33  inmi 


This  analysis  usas 

tna  GUAsr:  THERncneTER 

rsaninqs 

tiodif  lad 

Patuknov— 

Pooov  coafficiant  *  2 

.2888 

■Jsino  HEA 

TEX  inser 

t  ins Ida  tuoa 

Tuda  Ennancanant 

:  rectangular 

PirwEC  T 

USE 

Too a  nat 

anal 

:  COPPER 

Pr as sura 

COHul^ lor 

:  ATnCSPHERIC 

r4u3salt 

tnaory  is 

usad  f  or  Ho 

Cl  1 Oaaad  an  ? 

a 

tuknov-Pooov )  *  3.288* 

Aiona 

lOasad  on 

Nussalt 

ITdall)  *  2.8 

1  1 

Ennancanant  Iq) 

«  3.236 

Snnanc  anant  <  Ca 1 - 7 ) 

*  4 . 44 ! 

Cata 

v!U 

UO 

Ho 

wu 

Tcf 

* 

1  9 

m 

<n/3  > 

<U/«''2-X> 

(U/n^O-K  ) 

4  1  I  /m.  ^  n  V 

\  w*/  in  4  ^ 

\  W  i 

IC 

4>  •  33 

1 

.So3£+3* 

2.332E+34 

.2272+38 

28.24 

183.84 

4 

3.38 

.SI  22+84 

2.43SE-r'C- 

.  28SE+3S 

43.33 

133.83 

T 

•9 

\ 

.SS7S+8A 

2.3S1S+34 

.1722+88 

42.32 

188.17 

a 

« 

.S38E+84 

2.334E+84 

. 1 1 4E+86 

42.33 

33.36 

s 

«  ^4 

« 

. 422E+84 

2.S34E+84 

.32 12+88 

33.15 

33.33 

8 

1  .S3 

.3232+84 

2.3SSE+84  3.S3SE+8S 

33.31 

•33.87 

7 

1 .  IS 

.174S+84 

3.1 328+84  3.S37E+3S 

23.74 

188.14 

3 

1 . 16 

. 1 74E+84 

3.134E+84  3.S2SE+8S 

feO  •  f  / 

188.27 

3 

1  .S3 

.3322+84 

2.3822+84 

2.733E+8S 

JW  •  r  3 

138.87 

18 

n 

4  *44 

.4SSE+84 

2.38SE+34 

.873E+3S 

33.42 

188.82 

f  • 

f  1 

4  •  /  3 

.S52S+84 

2.7S5E+84 

.1242+88 

4!  .33 

33.37 

12 

3.27 

,8312+84 

2.723E+84 

.21 12+88 

44. 4G 

33.78 

•  ^ 

4  W 

3.38 

.7822+34 

2.7J3E+84 

.2S4E+8S 

•*o  . 

33.34 

•  d 

1  m 

*.32 

.7SSE+84 

2.7882+34 

.2332+88 

d^  -3  • 

^  f  .  g  1 

33.33 

Uaast 

-sduaras 

lina  for 

q  »  a*d8lta-T'* 

5 

a  »  S.3i:7S+84 

a  «  7.S888E-81 


MOTE:  14.  data  pointa  uara  storad  in  fila  C'Jt2SA 


MOTE:  U  X-Y  qairs  wara  storad  in  data  ft  la 


NOTE:  Program  na«ma  ;  DRPrtLL 

Gat  a  taKan  ay  ;  flEYER 

This  analV3i3  dona  on  ft  la  :  C'JTSA 
Thu  analysii  inciuaaa  and-fin  if  fact 
Tharmal  oonsucttvit/  *  333.3 

Inaiaa  uiawatar ,  Gi  »  !2.73 

Gutaiaa  diamatar.  Go  »  ‘3.33  (mn) 

Thta  analys'.a  uaaa  tita  GUARTZ  THER^CnEiER  raadinga 

Modi  ft  ad  Patuiinov-PoDov  coaf  fiat  ant  *  Z.3S33 

‘Jams  HEATEX  tnaart  tnatda  tuaa 

TiiOa  Enhancamant  •  RECTAKGUUAR  FINNEG  T'JSE 

Tuda  matarial  *.  COPPER 

Prasaura  oonditton  •  ATmC3PH£RIC 

*4uaaalt  tnaory  ta  usao  for  Ho 

Cl  tdaaad  on  Patufchov-Pooov 5  »  2.3237 


Alpna 

<0a3ad 

on  Nussalt 

( Tdai >  5  »  1 

.3233 

Enhanc 

amant 

'q) 

a  Z 

4  lOlO 

Ennancanant 

(Cal-T5 

a  2 

.145 

Cata 

Vvi 

UO 

Ho 

Qd 

Tc* 

Ts 

• 

<»/s ) 

<‘J/n*2-X ) 

a  •  •  A  ^  t 

V  »n  4  N  ^ 

(‘4/'n"2l 

( C  / 

/  ^ 

S  W 

1 

4.34 

1 . 4S3E+34 

2 . 1 37S+34 

1.11 8E+8S 

S2 .33 

33.73 

3.31 

1 .421E+04 

2.173E+34 

1 .333E+3S 

58.23 

33.73 

'T 

wi 

3.23 

1 .3373+34 

2.233E+34 

1 .37tE+38 

48.88 

133.13 

4 

•• 

2.73 

t  ^  4 

i  4  W4  * 

2.2S1E+34 

1 .31 4E+3S 

44.35 

33 . 33 

3 

^  «  4^ 

1 .231 £+34 

2.313E+34 

3.341 E+3S 

**  »  .  40 

33. 3S 

s 

1  .S3 

* 

4  •  (  Q 

2.4S3E+34 

3.372E+3S 

4  3*» 

1  «  • 

>  4  «  I 

*  *  c 

4  ^  a 

»  4  «**4!1*X#** 

<. .  1 0'jc+v** 

7,333E+SS 

^  « 

^0  4 

1  VH/  4  1  0 

/% 

O 

1  .  f  s 

«  .  Vw 

C+V** 

{.Oil  «i^V3 

23. 4i 

1  /»/»  t  « 

t  W  4  I  ^ 

3 

1  .S3 

1  •  1S4£^'34- 

2.4S3E+34 

3.3SSE+S5 

▼4  •  i 

4  > 

»  A/ft  A/ft 
t  4  4.^ 

13 

t* 

im  *  a*« 

1 .2S3E+34 

«, .  « a+v*» 

3.333E+35 

41  .37 

133.31 

1  f 

1  1 

4  «  f  9 

I .3S3E+34 

2.373E+34 

1 .347E+3S 

44.  IS 

33. 3S 

«  n 

1  im 

<J  4  imO 

1 .423E+34 

2.333E+34 

1 .337E+3S 

47.83 

33. 3S 

1  3 

3.31 

1 .331 £+34 

2.3S3E+84 

1 .1S1E+3S 

43 .31 

33. 3S 

14 

4.34 

i .S34E+34 

2.312E+34 

I .I7SE+3S 

33.33 

33.33 

Laaat-SQuapaa  Una  for  q  =  a*d6lta-T''tj 
a  *  S.3334E4-34. 
a  *  7.S8««£-«t 


f4CTE:  14.  data  oointa  wara  atorad  tn  ft  la  G*J7SA 
NOTE:  14  X-y  oaira  tiara  atorad  in  data  flla 
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NCT£:  Prosran  nans  :  ORPftLL 

Gat  a  tad  an  ay  :  flEYER 

Thia  analyala  acna  on  fila  :  C'JSA 
This  analysia  inclaaaa  ana-ftn  affact 
Tharnai  canducttvitv  »  338.3  "U/n.X) 
Inatda  dlanatar ,  Gi  »  {2.78  (nm) 


Gut 3 Ida  dianatar , 

Co  ^  1 3  •  33  ( ) 

Thia  anaLv3i3  uaaa 

tna  GUAR72  THERMCflETEP 

r  sou  ir»y  3 

iiodifiaa  Patudnov- 

PoDOv  cosfficisnt  -  2 

Using  HEATEX  insar 

t  inaida  tuda 

7u3a  Enhancanant 

:  RECTANSUUAR  PINNEG  7USE 

TuSa  natarial 

;  GGPPER 

Pra33ura  oandltiar 

:  ATrtCSPHERIC 

N'uaaalt  thaory  13 

usad  for  Ho 

u 

*  \  U 

asad  on  Patudhov-Pooov )  «  2.7:33 

A 

Lana 

' daaad  an  rLuasalt 

(Tdal))  *  : .7336 

Enhancanant  (a) 

*  2.S33 

Ennancanant  'Gai-T) 

*  2.I8S 

Cata 

Uu  Uo 

Ho  Go 

"Tm  S 

t  U  I 

t  d 

\  3  5  \  W/ii\  **  Z—K  ) 

/  ^  k 

%  w  / 

V  W 

« 

i-.ZS  l.424E+ai 

2.!4SE+34  i.t3S£-^3S 

3i  .SS 

t  /kA  AA 
i  •  <#«; 

im 

^  ty  *  • 

L  1  ,  -•-Wa.ii+O** 

2.28SE+34  1.373E+36 

43.32 

33.34 

w 

2.23  !.243E+3i 

2.22;£-*-84  I.337E+8S 

48.  S3 

33.38 

a 

2.7S  i,233E^8i 

2.2aiE+34  3.337E+3S 

«»w »  t  o 

33.33 

3 

2.22  l,287S+84 

2.234E^•34  3.223E+0S 

43.22 

33.37 

8 

!.S3  !.!28E+84 

2.433E+34  3.43SE+3S 

34 . 88 

33.38 

l.tS  {.88i£+a4 

2.737E+04  7.312S+3S 

23. 3S 

;83.33 

3 

i.lS  3.364E+83 

2.7S2S+34  7.43IE+3S 

4  •  •  mtm 

{33. !3 

3 

t.S3  !.i!8£>8^ 

2.3336+34  3.4S4E+3S 

2S.33 

‘•83.  !S 

8 

«•  «  1 

2.323E+34  3.2S2E+3S 

33.32 

33.34 

t 

1 

2.73  {.386E+84 

2.3;8E+34  3.373E+85 

43.17 

33.75 

n 

3.23  i.372E+8i 

2.2346+34  :.3S4E+3S 

48. : 5 

{33.33 

T 

mt 

3.3J  :.i4SE+84 

2.3376+34  :.I87£+3S 

47.33 

1  AA  n  • 
t  •  h.  1 

4 

4. 3-1  i.43JE+34 

2.233E+84  1.:42E+3S 

43.33 

1  AA  1  1 

1  VU  •  1  i 

Laaat 

“SQuaras  Una  for  q 

»  a*aeita-T*d 

3  » 

3.342SC+84 

3  * 

7.3088E-35 

NOTE: 

!4  data  points  wara  storad  in  fila  CUSA 

f4CTE: 

{ 4  X-Y  pairs  wars 

storad  in  data  fila 
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Program  nan*  •  CRPALL 
Ca:a  taiian  tsy 
This  anaiysis 
This  analysis 
Tharnal  conductivity 
Ins  Ida  dianatar,  Ci 
Gut 3 IS*  sianatar 


:  flEYSR 
flla  :  CUSMTA 
act 

*  33S.3  I'W/n. 

*  1 2 . TG  <  nn  ; 
^  1^.33  \ nn  > 


son*  on 
includas  and-fin  aff 


This  analysts  usas  tha  GGftRTI  THERiiGnETcR  raaSincs 
hoSlfiaS  Patuitnov-Posov  coafTiciant  »  2.33GC 
usins  HSATSX  insart  insiss  tuoa 
Tuoa  Ennancanant 
Tuda  nataniai 
Prassura  condition 
Nussalt  tnaory  is  usad  Tar  Ho 


TUBE 


di  iww  <  n 

COPPER 

rtTftCSPHERI 


Cl  vOasad  on 

Patuicnov-PoDov  )  «  2 . 

AA33 

Aloha 

toasad 

on  \Tuftl>*  *  3* 

332A 

Ennancamant  « 

q) 

»  *1 

iiiA  1 

Ennanc 

anant  ( 

Oal-T> 

»  \ . 

353 

Gala 

Vvi 

(Jo 

Ho 

Gp 

TcT 

Ts 

( n/3 } 

(U/n-'Z-K) 

(4,V!n"2-K  J 

(U/n'Z) 

(C) 

V  C 

I 

*.3S 

7.SS7S+33  3 

.S22S+33 

5.36AE4-35 

33.32 

39.33 

2 

3.33 

7.S3SE+33  1 

.323E<-33 

S.3A3E+35 

9«;  9a» 

99.73 

3 

3.23 

7.33‘.S^-33  3 

t.333E+33 

3.333£<-3S 

53.37 

99.93 

0 

2. 75 

7.339£<-33 

.33;E^-34 

5. 3215^35 

53.  AS 

99.33 

3 

«  •  wW 

7.3S!£<-33 

.3SSc+34 

3.S3AE+3S 

33.35 

99.77 

S 

;  .73 

S.SS3E+33 

.373E+8A 

S.255E+3S 

A3. 33 

133. 1 A 

•  •  ^ 

1  «  1  f 

a  •  1  1 

. 5SAE+3A 

A.332E+3S 

4  *  C  • 

^  1  •  3  ( 

133.35 

a 

♦  » 

(•it 

o .  t 

.  IS5E<-3A 

A.333E+3S 

*  1 

•*  *  «  S»^ 

133. 13 

3 

)  «  < 

3  .S3Sc'^93 

.33S£-!-84 

3.23; E+3S 

A3. 5  A 

39.93 

la 

0  4i»W 

7.333E+33 

.35  <  £+3 A 

S.St7£+3S 

52.93 

99.35 

t  ( 

1  1 

f  O 

/  «  W  <  SCb  '  w«« 

.3A3E+3A 

3.377E+85 

35 . 3A 

1 33 . 23 

#  ^ 

1  ^ 

3,Z3 

7.374£^-33 

.323E+3A 

5.3ASE^35 

33.3: 

138.17 

•  9 

\  mi 

3.32 

7.35YS+33 

.33?£+3A 

3.23?E+3S 

53.15 

133.33 

u 

«.3S 

7.3S3E+03 

.338E+3A 

S.2A2E-t-3S 

s;  .95 

133.33 

Laast 

-Squara 

3  Lina  Tor  Ho  vs  q  curve 

Slop*  *  3.G033E+33 
Intar caot  »  3.3fl®3£+®S 


Laaat-SQuaras  Itna  Tar  q  *  3*aalta-T"0 
a  «  2.3423E+®* 

!j  «  7.S3®aE-35 
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NOTE;  ProftraB  nawa  ;  CRPftLL 

Cat  a  takan  ay  :  .“EYER 

This  analyais  aona  on  fiia  :  AL!S 
Tmu  analysis  inciuaas  ana-fin  affect 
Tharnal  conauctivity  *  23!  .3 

Insiaa  aianatar,  Oi  »  i2.73  (mm) 

Cutsiaa  aianatar.  Go  -  :3.33  (nn) 

This  analysis  uses  tna  QUARTZ  THERfiCfiETER  raaainQs 
iloaifiad  Patuwnov-Pooov  coafficianx  •=  2.S333 
Using  HEATEX  insert  insiaa  tuba 
Tuba  Enhancanant  *  RECTANGULAR  rIf«N£3  TU3E 
Tuoa  natarial  *  ALUftINUfi 

Prassura  conaition  :  UACUUf! 

Mussalt  tnaory  is  used  for  Ho  ■  - 


^4  ^  « 

Nrf  ^  N 

sad  on 

Patuiinov-Po 

OOV  )  a  2 

4 

•  /  1 

Alona 

t  based 

on  Nussalt 

4  1 ua i  /  /  a  1 

c  4 

•  0^  1  tt 

Ennancanant  < 

dl 

a  2 

4  ^  /  <0 

Ennancanant  ! 

w34  I  / 

a  *, 

.313 

Cats 

vU 

1  <  A 

uw 

Ho 

WM 

1  U  1 

Ts 

* 

<y/jii*2-K  > 

(W/n*2-K  > 

{U/»*2> 

<C) 

J 

V  u 

« 

1 

^•3S 

1.3! SE+3a 

2 . : !  7E^■34 

2.343E+3S 

3.32 

43.33 

3.33 

I . 2S4E+34 

2.:33£+34 

3.7S7E+3S 

7.32 

43. 7S 

3 

3.33 

1  .21SE^-34 

2.  !3S£+34. 

3.331E+3S 

7.33 

43.32 

a 

! . I5SE+34 

2.I78E+34 

3.433E+0S 

5.73 

43.32 

5 

Z  4  23 

1 . 33 1 E+34 

2.233E+34 

3.232E+3S 

4.33 

43.71 

3 

t  .73 

3.7S3E+33 

2.234E+34 

2.373E+3S 

2. S3 

43 .31 

t 

J  .17 

3.S2S£-i-33 

2.S71S+34. 

2.43SE+3S 

3.7! 

43.33 

3 

«  « 

1  «  1  ( 

3  .S3 !  S'^33 

2.S43E+34 

2.43SS+8S 

3.73 

43.31 

3 

1  ,73 

3.327E+33 

im  4 

2.31SE+3S 

^  4  ^2 

to  •  • 

43.33 

1  3 

n  -15 

*•  ,  akW 

!  .33!E-f-34 

2.^33£^'84 

3.23I£^-3S 

4  T/* 

•  WV 

43.35 

!  ! 

I . 1 4SE+34 

2.!43£v34 

3.4i5E^-3S 

S.3S 

43.73 

t  ^ 

1  C 

3.33 

1 . 237E+34 

2.! S2E+3A 

3.313E+3S 

7.  i3 

43.33 

•  ^ 

1  ^ 

3.33 

i  .27SE+3A 

2 , ! 43Ef34 

3.73!£^-35 

(  ,  1  1 

43.33 

t  4 

4 . 3a 

l  .  U  1  i.C'^'O  — 

^  * 

•  *  1 

3.33SC+33 

3.47 

43.31 

Laast-sauaraa  Una  for  a  »  a»dalta-T*b 
a  »  a.373!£*34 

b  *  7 . S333E— 3 ! 


NOTE:  ia  data  aoints  ware  stored  in  file  AL!S 
NOTE:  t4  X-Y  pairs  uara  storad  in  data  fils 
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f4GTS:  Program  nama  :  GRPALL 

Data  tanan  Oy  :  MEYER 

This  anaiyaia  dona  on  fila  ;  AL52S 


This  analysis  incl 

udas  end- fin  affect 

Tharmai 

conduc  t  !'</ 1 

ty  *  23! .3  ( w/n.X  5 

Ins  1 sa 

dianatar,  Cl  *  IZ.73  (nw) 

Cut  3 1  da 

dianatar . 

Co  *  13.33  <nn! 

Till  3  '  analy  3 1 3  Uaca 

tna  QUARTZ  THERflCnSTER 

rsadlngs 

Modi? lad  Pstu^mov- 

Popov  coefficient  *  2 

.  3iOV<U 

Uaing  HEATcX  insar 

t  inside  tude 

Tuda  Ennancanant 

:  RECTAMSULAR  FIMNEC  T 

vJBE 

Tuda  ns 

tarial 

:  AUJniNUn 

Pr aasura  condition 

•  vnwwun 

•  *1  «  «  «R  «  1  ^ 

tn&ory  is 

USeu  fuP  Hw 

Cl  vOaaad  on 

Patulinov-Podov )  *  Z.4!24 

Aipna 

\ daaad 

on  Muaaait 

<Tdal 5 )  *  1 .3S7S 

Ennancanant  < 

•m  ^ 

^  • 

»  2.311 

Ennancanant  < 

Cai-T) 

*  1.333 

Cat  a 

Vu 

Uo 

Ho  Cp 

Tcf 

T3 

A 

<n/3  > 

(U,n-Z-K> 

tW/n-Z-K)  <U/n*2> 

(C5 

(C 

t 

4.37 

!  .;3tE-»-34 

1.3t3E-t'34  3.S3SE-t-3S 

13.32 

43.57 

4 

3.33 

! . IS7S+84 

i.343E+34  3.S32E+8S 

13.3S 

43.53 

3 

3.30 

!  . !  33E'!-34 

i.323E-!'34  3.3S3E+8S 

13.33 

43.73 

4 

•* 

-a 

4  •  <  ( 

! .3S2E+34 

i.3S3E+84  3.223E+8S 

1  ^  • 

1  t  •  4  t 

40  •  04 

#• 

3 

n 

4  «  4W 

3.337E+33 

1.3733+84  2.334E+8S 

15.31 

«  m  mm 

40  •  t  4 

9 

i  •  (  </ 

3.!43E^33 

I. 381 £+84  2.7SSE+8S 

»  ▼  nt 

1  w  •  3  1 

4  m  m/% 
40  • 

»  #  •» 

1.14 

3.3SSc-f-33 

2.133E+84  2.331E+3S 

1  /ft  m/% 

1  </  • 

i3.7« 

/a 

9 

1 . 

•% 

9 .  <4awC'^K;w 

2.i33E+34  2.333E+8S 

18. 2S 

i3.7S 

3 

1  .73 

3 .  i  43£^.83 

1.333E+34  2.7S4E+S3 

IT  m* 

\  4  •  3** 

i3  •  3  1 

4  « 

i .333E*34 

t.323£+8i  3.331E+8S 

t  m  mm 

t  3  •  1  a. 

4  m  mm 
40.9/ 

1  1 

4  •  4  < 

i  .3SSE-^34 

1.332E+34  3.223e+8S 

1  T  .  1 2 

4  m  4  4 

40  . 

« 

1  4 

3.33 

i  .  !3SE4-34 

I. 321 £+84  3.33SE+3S 

13.58 

43.73 

13 

3.33 

! . ISZE+84 

I.333E+84  3.433E+3S 

13.33 

43.34 

U 

4.3S 

i . \ 37E+34 

1.322E+84  3.St4£+35 

13.34 

43 .37 

Laaat-SQuaras 

lina  for  g 

»  a^delta-T'd 

a  * 

3.333SE+34 

tj  « 

T.SOaOE-^J 

MOTE: 

•4  data  points  uara  storad  in  fila  ALtZE 

MOTE: 

!4  x-r 

pairs  wars 

atored  in  data  file 
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GRPftLl 


MOTS'-  ProQPan  nans  : 


Cata  taxan  by 

;  MEYER 

This  analysis  done  on  f 

lie  :  AL! 

This  analysis  includas 

and~fin  affect 

Tharmai  conductivity 

»  231 .3  {U/n.X  ) 

Inaida  dianatar.  Cl 

*  12*  TO  ( nn  ) 

Cutsida  dianatar,  Co 

=  13.33  ( n»  / 

This  analysis  usas  tna 

CUftnTZ  THERHCMETER  readings 

fiudifiad  PatuXnov-Pooov  coafficiant  =  Z.SOSS 

Oaing  HEftTSX  inaart  insida  tuoa 

Tuba  SnhancaPiant  i  RECT/^NGuuAR  PIMNEO  T'J3S 

Tuba  naxariaL  *  AwufllMUn 

Praaaura  conaiwion  :  vftCUUfi 

M'uaaai.t  tbaory  la  u3ab  Tor  Ho 


*  im 

wi  Km 

aaad  on 

Patuitnov-Po 

pov )  *  2 

.  3300 

A 

kona 

<  based 

on  >‘4u33alt 

k  1 uat  /  /  *  t 

.4814 

Ennancanant  ( 

% 

/ 

3  2 

999 

•  J  1  ( 

E.man 

c  ament  1 

A-  1  ' 

a  I 

999 
•  i 

Cata 

vW 

uO 

Ho 

wD 

Tcf 

9  « 
t  d 

* 

<?^/3  / 

U/m*2-X ) 

k  •<*/  m  i—is  > 

\  in  1.  / 

/  9  i 

V  W  / 

/  9 
\  W 

( 

a  9  4 

.273E4-84 

1 .3316+84 

3 . 4786+36 

•t  99 

/  «  3  / 

43.33 

3.31 

.23SEre4 

1 .333E+34 

3.3446+35 

-*  *»/% 

1  • 

43.38 

3.23 

.  1 3S£'^84 

1 .363E+84 

3.2446+36 

6.52 

43.38 

a 

«• 

4«  <9 

. 1 436+84 

1 .33SS+84 

3.332E+85 

5.45 

43,33 

s 

9 

.3S3E+84 

2.81 7S +84 

2. 3366+86 

a  9  4 

«*  •  4  1 

48.33 

s 

1  .S3 

3.SS4E+83 

2.828E+34 

2.6336+85 

2.31 

43.37 

t 

1.16 

3.36464-83 

2.3876+34 

2.3186+85 

8.81 

43.33 

3 

1.16 

3.71 lE+83 

2.343E+84 

2.3246+35 

3.33 

43.34 

3 

1  .S3 

3.382S4-83 

2.831 E+84 

2.S43E+85 

9  99 

•  •  0  ' 

43.35 

8 

U 

.3676+34 

2.313E+84 

2.378E+85 

^  •  ZS 

43 .  S3 

• 

1 

2.TS 

.  1 3SE+84 

1 .3746+84 

3.8636+85 

5.53 

43.  S3 

3.23 

.  1 33E+84 

1 .373E+84 

3.2SS£*85 

3.53 

43.78 

"T 

w 

3.31 

.  i,J  1 

>  *  mW  f 

3.3466+35 

99 
<  •  M  O 

43.38 

4 

4  9  4 

9  ,  ^9 

t  9^  4  Iff  •  /»  4 

1  •  4.  1  » 

1  9  4  Cff  •  /»  4 

1  +3  1 

3.443E+85 

ff  /»  • 

0.01 

43 . 33 

Laaot-sauaraa  Una  for  o  »  a»oalta-T*a 
a  »  3.3S2'.£+8i 
b  *  7,Sa83S-3! 


MOTE:  !4.  data  oointa  uara  storad  in  file  AUI 
*4CT£;  ti  X-Y  pairs  wars  storad  in  data  Tila 
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in  m  f> 


MOTS'.  Pro^rart  nawa  :  CRPALL 

Oat  a  ta‘*.an  ay  :  ITSYER 

This  analysis  dona  on  file  :  ALTS 
This  analysis  inclucas  and-fin  affact 
Tharnal  conductivity  »  Z31.3  <ii/ifi.X5 

Inside  dianatsr.  Ol  *  12.70  (nw) 

Out 3 Ida  dianatar,  Co  »  13.33  <nn) 

This  analysis  uses  the  OUARTZ  THERMCfiETER  raadinss 
ModiTiad  PatuiChov-Popov  cceTTicient  *  Z.S3SS 
using  HE.AT£a  insert  inside  tube 
Tube  Snhanoanent  :  .RECTANSLL.AR  FINNEC  T'J8£ 


Tuba  ma 

terisl 

ALLTTINUn 

Prassur 

a  condition 

VACCL'll 

MuSSelt 

tneory  is 

uScu  for  Ho 

Cl  'based  on 

Patuichov-Po 

oov )  *  2 

.  3o3o 

Alpna 

(based 

on  Musselt 

\  T" I  )  J  “  ! 

.  uuu^ 

Snnancenent  i 

0  ' 

®  I 

13 

Snnanoanant  i 

•  1  _  ^  » 

' 

a  1 

.  343 

Oats 

■Jvt 

Uo 

Ho 

Op 

TcT 

Ts 

* 

<n/s ) 

(y/n''2-K  5 

iu/a^z-k ) 

(  Im  /  n  *  Z  > 

<0 

/  ^  » 
\  U  / 

i 

4 . 3T 

1 . 1 33S+34 

.7»4£+34 

3.32SE+3S 

4W  •  f  3 

43.73 

4 

3.33 

1 . 1S3E+34 

.734E+34 

3.S2SE+3S 

3.73 

43.33 

3.33 

1.11 l£+34 

.773S+34 

3.33SE+3S 

3.13 

43.32 

a 

«* 

2.77 

1  .3S3E+34 

.31 tE+34 

3.247E+3S 

7.33 

43. 7S 

5 

2.24 

1  .333E^-34 

.3S4E+34 

3.343E+3S 

13.41 

43.31 

3 

1  .73 

3.327S+83 

' 

.337E+34 

2.733E^3S 

4  4  4 

4  •  ••• 

43.33 

1  « 

)  •  1  / 

3 . 1 43E+33 

2 .3S2E+34 

2 . 44SE+3S 

1  .34 

43.31 

3 

1.17 

3, 134£+33 

2.383E+34 

Z.4SSE+3S 

• 

1  •  av 

43.32 

3 

1  .73 

3.Z73E+S3 

.3:7E+34 

Z.73SE+3S 

4.  S3 

43.33 

1 3 

^  4 

4  •  4  ^ 

3.37S£^33 

.313E+34 

3.333E+3S 

S.S3 

43.33 

1 

,  (  i 

1.331 £+34 

,731 £+34 

u . u 1 0C+W3 

T ,  37 

4  4  c 

<♦0  •  '♦9 

<  ^ 
i  4 

3.33 

!  .33S£+34 

. 743E+34 

3.351E+3S 

3 .  ZS 

4  f% 

^0 .  a  < 

13 

3.33 

1  . 1 S2£+34 

.7S3E+34 

3.433E+3S 

3.73 

4  f\ 

•*^0  •  9W 

•  a 

1  ** 

4  •  3T 

1 . 1 74E+34 

.7ZSE+34 

3.SS3E+3S 

4  <;  •  9  ) 

« A 

•♦0  .  O'U 

Least 

-sduaras  Una  Tor  p  * 

a  »d6l ta—T*b 

a  * 

3.73t3S'^34 

• 

b  *  7.S3aa€-3t 

MOTE;  14.  data  points  were  stored  in  file  ALTS 
MOT£:  14  X-Y  pairs  were  stored  in  data  Tile 
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flCTE:  Program  nana  :  CRPALL 

Cat  a  taKan  Oy  :  ftEYER 

Thia  anaiyau  dona  on  fiia  :  ftLS 
This  analyaia  incLuflaa  and-fin  aYYect 
Tharnai  oonductlvlty  »  235.3  (W/m.K) 

Inaida  dtanetar,  Ci  *  12.73  < mm) 

Cutaida  diamatar.  Co  «  53.33  imm) 

Thia  analyaia  uaaa  tha  CUARTZ  TMERttCKETE.R  raadinga 
ModiYiad  Patakhov-PoDov  coaffioiant  *  2. 5333 
Uaing  HEATEX  inaart  inaida  tuOa 
_  Tuda  Ennancamant  :  RECTANGULAR  PINNED  TwSE 

Tuda  mat  anal  :  ALUftlNUfi 

Praaaura  condition  :  i/ACUUfl 

Nuaaalt  tnaory  la  uaad  for  Ho 


Cl  idaaad  on  Patuknov-Pooov ) 


Aiona 

'daaad 

on  Nuaaalt 

V  k  QQ  1  /  /  •  1 

Ennancamant 

V  q  / 

*  ; 

• 

fa  » 

Ennancamant 

iCal-T ) 

a  i 

.274 

Cata 

Uu 

Uo 

Ho 

Cd 

Tcf 

Ta 

A 

♦ 

( m/  3 ) 

lW/m-2-X  > 

{14/m*2-K) 

(y/m*25 

^  % 

\  W  / 

\  W  / 

1 

4.37 

3.333E'<-33 

1 .32SE^34 

3.343E+3S 

22.98 

43.77 

4 

3.33 

3.S31S+33 

S.31SE+34 

2.324E+3S 

22.33 

43.33 

3 

3.33 

3.313E433 

1 .32Sc+34 

2.373E+3S 

21. SS 

43.73 

X 

2.77 

3.S33E+33 

1 .33SE+34 

2.7S2E+3S 

23.  S7 

43.33 

s 

2.24 

3.S3SE433 

1 .34GE-«-34 

2.S1SS43S 

13.43 

43.34 

G 

1  .73 

7.391E+33 

i.sazs+oa 

2.43SE+3S 

17.32 

43.53 

t 

1.17 

7.32Sc+33 

5 .S33E+34 

2.217E+3S 

14.83 

a  O  C** 
*^0  Q  r 

3 

1.17 

7.3tS£+33 

r.33SE-i'34 

2.213E+3S 

t  «  "f  ^ 

»  •  f 

« O 

•^O  l  4 

3 

1  .73 

3.333E^33 

1 .398E+34 

2.435E+3S 

»  •» 

i  i  0  {  S 

43.31 

13 

■?  ^ 

^ .  fa'* 

3.E48E^33 

1 .3S3E<'34 

2.S44E+3S 

•  <a  CO 
)  3  •  SO 

43.73 

•  1 

1  i 

fa .  f  f 

3.337E+33 

1 .313E+34 

2.733E+3S 

^  •  t 

4  1  •  1  4 

43.31 

1  ^ 

1  4 

3.33 

E.C’TE-i-GZ 

1  «  O  1  1 

2. 331 £+33 

44  VO 

43.33 

•  •r 

1  ^ 

3.34 

3.4l7£v33 

1 .237E+34 

2.333E+3S 

-*?  70 

43.33 

14 

4 .  ^  ( 

3.33SS-t-33 

5 .278E+84 

2.333E*3S 

«  ^3 

43.33 

Laast-sduaraa  lina  for  q  »  a*dalta-T“d 
a  ■  2.SS35E+34 

d  «  7.S833e-3l 


NOTE:  54  data  qainta  ware  atorsd  in  fila  ALS 
NOTE:  14  x-Y  qaira  uara  atortd  in  data  file 
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NGTS:  Praoran  nana  :  CPPALL 

Cat  a  tafean  S  y  •  !^£Y£P 

Thia  analyaia  dona  on  fila  :  AL3MT 
Tf-iia  analysia  inciudaa  and-fin  a^fact 
Tnarmal  conductivity  «  231.3  <‘iS/n.K} 

Ins  Ida  diawatar,  Cl  *  !2.7C  (mw) 

Cutaida  dianater,  Co  »  13.33  (mm) 

This  analyaia  usaa  tna  OCARTZ  THERnCMETSR  rsadinya 

rtodifiad  Patuknov-Pooov  coaff tciant  =  2.33S3 

Using  HEATEX  insart  inside  tuOa 

Tuba  Ennancamant  ;  SMOOTH  TUBE 

Tubs  mat  anal  •  ALUMIMUM 

Praasura  condition  :  UACUUM 

Nussalt  tnaory  is  usad  for  Ho 


Cl  (based  on 

Pstuknov-Pcoov )  =  2 

•  SwO'U 

A  Iona 

( cased 

on  Nussalt  (T 

Ms.  •  t  %  «• 

ue  ^  V 

•  ij  t  OQ 

Ennancamant 

^  •  V 

\  M  ^ 

«  ; 

.3tS 

Ennancemeno 

\  UOi.*  t  ' 

»  I 

•  3 1  1 

Cats 

N/U 

1  1  m 

uu 

Ho 

WM 

A 

i  W  t 

Ts 

* 

i  rn/  3  / 

ill  .  _  •*  a  \ 

\  ¥//  1*1  4m  ^  f 

(U/m  '2-X  ) 

(W/m*2) 

4  \ 

\  w  / 

/ 

\  u 

4 

^  •  w  * 

7.342E+a3 

3.S33E+a3 

2.432E+3S 

-^1-  *  • 

1  1 

43.33 

3.33 

7.333E+a3 

1 .331 £+34 

2.433E+3S 

tmi 

43. S3 

3 

3.3C 

•f  ^4 

(  4  i  1 

1 ,332S+34 

2.338E+3S 

-ac 

..  J  •  f  s 

43.  SS 

4 

tm  •  t  t 

7.sai£+a3 

• 

1  .  4IW  •  CTKfw 

2.3Sa£+3S 

Cm 
.  OO 

43.54 

s 

7.312£^-a3 

1 .33SE+a4 

2.243E+3S 

•*  1 

iml  »  (  ^ 

43 . 73 

s 

t  •  <  to 

7.a3aE+33 

1 .37SE+34 

2.U;E+3S 

13. 3S 

43.53 

•  f  ^ 

1  «  1  ( 

S . 44SE+33 

1.11 7S+34 

1  .34SE+3S 

17.43 

43.  S2 

3 

•  <  ^ 

t  .  1  ( 

S.4SSE*a3 

1 .t23E+34 

1 .3S5E+3S 

f  ^  4  /» 

i  f 

43.37 

3 

t  .73 

S.383E+33 

I .3S3E+34 

:.143E+3S 

43.37 

to 

n  ^4 

7. 341 £+33 

1 .341 £+34 

Z.273E+0S 

2!  .39 

43.31 

• 

1 

7.71S£>33 

1 .343E+34 

2.33SE+0S 

22. 3S 

43.73 

12 

3.33 

7.393£+e3 

1 .333S+34 

2 . 447E+3S 

■'t 

4.  W  ^ 

43. S4 

t  ^ 

1  W 

3.3-t 

7. 331 £+33 

1  . 33  5  E+34 

2,43SE+3S 

•♦o  •  o-^ 

«  4 

4 

w  «  *  X/W 

3.37SE+33 

2.438C+3S 

4 

4  fy 

•  I  w 

Least 

-SQuars 

s  Line  for  Ho 

vs  0  Curve 

; 

Slabs 

*  3.3333£+33 

Int 

arcaot 

~  3 • 3333£+3a 

Least 

-SQuares  Una  for  q  * 

a*dalta-T 

"b 

a  *  2.2430E+a4. 

b  »  7.3300E-31 

NOTE:  14.  data  ooints  ware  storad  in  fils  AL3MT 
MOTE:  14  x-Y  oairs  uera  storad  in  data  fils 
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tn  cj  to  o  o  ri  t- 
»-  to  to  to  in  r-  in  to  ti 


NGT£:  ProQran  name  :  CRPftLL 

Cat  a  taKan  by  ;  fiEYER 

TKts  analyaia  bona  on  file  :  ALlSfl 
Thts  analyata  incluoaa  and-fin  affect 
Thermal  conauctivity  »  231.3  <‘«Sfm.K5 

InaiOa  diameter .  Di  *  *.2.7*  <mm', 

Cutaida  diameter,  Co  «  iC.SS  \mn> 

This  analysis  uses  the  G'uARTZ  THERJICMETSS  reaoinss 

iiodifiad  Pstu^.hov-PoBwv  coefficient  *  2.S3SC 

UsinQ  HE.^TSX  insert  inside  tube 

Tube  Enhancement  •  RECTANGULAR  rI*4NE3  T’JSE 

Tube  material  s  ALUrtINUK 

Pressure  condition  :  AThOEPHERIC 

Nusselt  theory  is  used  far  Ho 

Cl  V based  on  Patu‘<.hav-Pooov }  »  2.3337 


Aloha 

1  based 

on  N'usselt  < 

Tdel  / )  *  I 

*  31M4^ 

Enhancement 

(q ) 

*  2 

•  34  ( 

Enhancement 

d  1  \ 

V  WOi  »  J 

*  2 

.233 

Cate 

vU 

UO 

Ho 

Ob 

Tcf 

Ts 

A 

<m/s ) 

(y/m*2-X ) 

(y/m*2-X> 

ty/m*2) 

<C) 

<C 

4 

1 

4,33 

1 . 434E+G4 

2.3386+84 

1 . 1 33E+8S 

a  ^ 

**  «  •  4C3 

188.86 

3.33 

1 .4S7E+34 

2.44SE+84 

1  .8336+86 

4i.33 

188.84 

3 

3.23 

1 . 4GSE+G4 

2.433E+84 

1 .8886+86 

*4  *94 

188.12 

i 

2.7S 

1 .34tsm 

2.S44E+84 

1 .888E+86 

33eS4. 

188.18 

S 

2.22 

1 .248S-H34 

2.S77E+04 

3.314E+8S 

3SsU 

188.18 

s 

t  .S3 

1 .133E+34 

2. 671 £+84 

3.3366+86 

31. i3 

33.38 

t 

;  .16 

3.3S3E+33 

3.823E+84 

7.3346+85 

•>  a 

•  4  f 

1 88 .24 

3 

1.16 

3.34S£+a3 

3.31 t£+84 

7. 3256+83 

0  33 

t  «« . ^3 

3 

1.63 

1 . 1 236+84 

2 . SE6E+84 

3.4346+85 

31.63 

188.83 

;3 

im  •  *m*m 

1 .244£+«4 

2. 37 1 £+84 

3.3886+85 

36.13 

33.32 

1 1 

4.  «  <  3 

•  <* 

1  « 

2.433E+84 

3.3336+85 

33.78 

33.37 

«  ^ 

3  -37 

2.443E+84 

1  .34SE+SS 

a-* 

•*4-  «  0  1 

33.38 

«  ^ 

\  ^ 

3.33 

1 . 4SS£+a4 

2 . 46 1 £+84 

1  .8356+88 

*  *  iO 
.  »♦  3 

33.32 

u 

a 

^  •  WW 

1 .33EE+a4 

2,4136+84 

1 .1286+88 

♦O  •  *4 

33.38 

Least'squares  line  for  q 

*  a»delta-T 

-b 

a  » 

S.SSSSE-^GS. 

b  « 

7.S8OTE-31 

NOTE; 

14  bat 

a  oQihts  uere 

stored  in 

file  AL 1 5A 

.•.•GTE: 

14  X-Y 

pairs  yere  s 

tored  in  data  file 
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.‘•iCTS:  Program  name  :  uRPftLL. 

Cata  taKan  tiy  :  MEYER 

This  anaiysia  dona  on  fila  :  ftuiZSA 
This  analysis  includas  ana-fin  affac*. 

Tharnal  conauctivity  *  23t.3  (U/m.iO 

Insiaa  dianatar,  Ci  *  ;2.73 

Cut  Si  da  diamatar  ,  Co  »  ‘,3.33  (nm) 

This  analysis  usas  tha  GUftRTZ  THERMOMETER  raadings 

Modifiad  Patulinov-Poauv  coafficiant  *  2.S333 

Using  HEftTEX  insart  insida  tuoa 

Tuda  Enhancamant  ’  RECTANGULAR  rINNEC  TUSE 

TuOa  malarial  •  ALUMINUM 

Prassura  condition  i  ATMOSPHERIC 

Nussalt  thacry  is  usad  for  Ho 


Ci  xdasad  on 

PatuXnov-PooGv )  »  2 

.  3^3  < 

Alpna 

(dasad 

on  Nussalt 

(Tdal)>  *  I 

.  aooj 

Erinancamant  ( 

0  > 

f  1 

If 

.433 

Enhancanant  ' 

Qal-T) 

a  1 

.383 

Cata 

vU 

Uo 

Ho 

Cp 

Tof 

Ts 

A 

<»/s ) 

<y/m*2-X ) 

<U/m-2-K ) 

<U/.‘n“2) 

(C> 

/  ^ 

\  U 

5 

4.3^ 

i  .323E+34. 

2.3478+34 

1 .3228+38 

43.33 

133.13 

4 

3.31 

t .233E+34 

2.3S38+34 

3.3558+35 

47.37 

133.33 

W 

3.23 

! .243E^34 

2.3788+34 

3.4338+35 

45.87 

133.33 

4 

4  •  (  3 

\ .  5  33E+34 

2.1338+34 

3.1368+35 

42.75 

133.13 

s 

4  •  44 

1 .1288434 

2. 2158+34 

3.5518+35 

33.83 

39.65 

s 

t  .83 

1 .3278+34 

2.2858+34 

7.7346+35 

34.37 

33.32 

-f 

!  .18 

3.3336+33 

2.5236+34 

8. 3 136+35 

28.33 

133.14 

3 

!  .  tS 

3.3438+33 

2.333E+34 

8.3238^35 

25.93 

133.2! 

<4 

1  .83 

1 .3388+34 

2 . 3338+34 

7.3378+35 

1 33 . 33 

t3 

4  «  44 

!  .1238+34 

2.2358+34 

3.SS3E+3S 

33.75 

33.32 

« 

t 

2.7S 

! .  i 388+34 

2. 1538+34 

3.237E+3S 

an 

^a.  .  f  3 

•  /V* 

i vv • 

»  ^ 
t  im 

3. 23 

! .233E+34 

2.1338+34 

3.7318+35 

48.53 

•  f%f%  «  n 

1 OV • 1 1 

•  TT 

1  ^ 

3.3! 

! .3318+34 

2.3388+34 

1 .3348+36 

47.33 

•  «  4 

>  Vtf  *  t 

«  4 

1  ** 

4.34 

1 . 3446+34 

2.3858+34 

1 .3388+36 

43.83 

133.17 

Laast-SQuaras  Una  for  q  «  a*dalta-T*{j 
a  »  S.5-133E+3A 
d  »  7.S333E-35 


MCTS:  ii  data  points  uara  storad  in  fila  ALS2SA 
NOTE;  ;4.  X-Y  pairs  uara  storad  in  data  flla 


MCT£:  Program  nama  :  CRPftLL 

Oat  a  takan  ay  :  flEYES 

Thia  analyaia  dona  on  fila  :  ALift 
Thta  analyaia  inciadaa  snd-fin  affact 
Tharmai  conductivity  •»  23*. 3  {'-/m.K) 

Inalda  dianatar.  Cl  ■  12.73  <mm> 

Outaida  dianatar ,  Co  ®  53.33  <mn/ 

This  analysis  uaas  tna  OCARTZ  THERMCMSTSR  readinga 

wodifiad  Patukhov-PoDov  coafTician*  *  2.S333 

Using  HEATEX  inaart  insida  tuba 

Tuba  Enhancawant  :  RECTANGULAR  PINNEC  TUBE 

Tuba  mat  anal  *•  AL‘JitI*'JUii 

Pr as sura  condition  :  ATNCSPHERIC 

Nuasait  tnaory  is  usad  for  Ho 

Cl  'oasad  on  Patuknov-Pooov 5  *  2.7335 


Alpha 

vbasad 

on  Nussalt 

\  1 uei  /  /  *  » 

.3285 

Enhancanant 

to ) 

m  2 

.755 

Enhancanant 

'Cal-T  i 

«  2 

•  a  ^ 

•  1 

wa  b  a 

t  •«  • 

VUf 

Uo 

Ho 

/A* 

UM 

1  4  i 

Ts 

* 

t  m/3  / 

{y/m*2-K ) 

s  4/  *n  4*i\  / 

5U/m*2: 

^  \ 

V  w  / 

/  ^  % 
V  W  / 

! 

4 

5 .463E+34 

2. 2335+84 

5 .8335+85 

a  •* 

♦  /  •  44 

5  38 . 5  3 

•y 

lim 

3.73 

1 .4455+34 

2.332E+84 

5 .3555+85 

44.33 

33.33 

w 

3. 25 

5 .332E+34 

2.375E+34 

5 .3525+86 

42.65 

588.35 

4 

^  •*  a 

4  •  <  ^ 

5 .327E+84 

2.45  5E+34 

3.5555+35 

33.33 

588.33 

S 

Z  •  4  ! 

5 .2425+34 

2.4435+34 

3.3575+35 

35.57 

588.28 

S 

5  .53 

5  .  5  38E+34 

2.SS3e+34 

S. 5535+85 

35 .33 

588.83 

< 

5.55 

5 .336S+34 

2. 3575+34 

7.5335+85 

24.33 

588. 55 

3 

1 .  iS 

5 .334E+34 

2.3S3E+34 

7.5  53E+8S 

24.35 

33.33 

3 

1  .53 

1 .S3SS+34 

2.S43E+84 

3.5525+35 

32.35 

588.54 

53 

4  •  4  1 

5 .242E+S4 

2.4S3E+84 

3.3535+85 

35.55 

588.33 

•  I 

1  t 

4  •  <  W 

5 .322E+34 

2. 33 55+34 

3.5535+35 

33.33 

93.35 

s  ^ 

1  4 

3.25 

5 . 43SE+34 

2. 4835+34 

5 .3525+35 

4  •y  *4 

«  1  ^ 

5  38 . 85 

1  ▼ 

1  ^ 

3.73 

1 . 4455+34 

2.3335+34 

1 .3455+35 

44. SI 

5  88 . 28 

«  4 

1  ♦ 

4.35 

5 . 4335+34 

2.3525+84 

; .3655+86 

45.53 

588.34 

Laast^squaras  lina  for  o  *  a»dalta-T*b 
a  *  S.39S2E+«i 
b  *  7.S333E-35 


NOTE:  54  data  points  wara  storad  in  flla  AL’A 
NOTE:  14  X-Y  pairs  uara  storad  in  data  fiia 
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MOT£:  Progrsn  nan*  :  GRPftLL 

Sat  a  taK.an  ay  :  rt£YE3 

This  analysis  dona  on  fila  :  AL73A 
Thia  analysis  incluflas  ana-fin  affact 
Tharnai  conductivity  *  23i.3  (U/in.K) 

Insiaa  aianatar ,  Gi  *  !Z.73 

Gutsiaa  aianatar.  Go  »  13.38  <««> 

This  analysis  usas  tha  QUART:  TH£RfiCr!£T£R  raaamss 
fioaifiad  PatuKOuv-RoDuv  coafficiant  »  Z.3333 
tjsir.5  H£AT£a  inaart  ins  Ida  tuaa 
Tuba  Ennancanant  -  REGTAfiStiLAR  FINNEG  Tu3£ 

Tuba  ntatarial  •  ALuftiNtifJ 

Pr  a  3  SUP  a  condition  :  ATf1C3?'H£RIC 
N*ussalt  thaory  is  usad  for  Ho 

Cl  (basad  on  PatuXhov-PoDOv )  »  2.37S3 

Alana  tbasad  an  Nussalt  (Tdal))  *  i.4334 

Enhancanant  ic)  »  Z.iiZ 

Ennancanant  tGal-T)  *  t.7S2 


Gat  a 

wU 

uo 

Ho 

ww 

Tcf 

1  a 

* 

\  n/3 ) 

<U/iiv*2-K) 

<U/n“2-K ) 

<C5 

IC 

t 

1 

a.3A 

1  .:3SE+84 

1 .743E+34 

3.S31E+3S 

S4.34 

33.31 

3.31 

1 .217E+34 

1 .733E+34 

3.412E+3S 

S2.73 

188.82 

3.23 

1 . I33E+34 

1 .321S+34 

3.173E+3S 

53.41 

33.33 

4 

2.7S 

1 . 1 43E+34 

1 .336E<t-34 

3.33IE-I-3S 

47.33 

138.17 

s 

m  •  4m4m 

1 .38S£-f34. 

1.373S<-34 

3.231 E+3S 

44.12 

33.78 

s 

i  .S3 

1 .31 1S*34 

1 .383E+34 

7.721E+3S 

J  3  •  W 

33.32 

•* 

! 

1  .IS 

3.133E+83 

2.tS3E+34 

S.333£^3S 

•r*i  'A  * 

188.88 

3 

1  .IS 

3.332E+33 

2.14S£^•34 

S.332£‘3S 

•  T 
•  1 

188. IS 

3 

1  .S3 

1  .SOSE-t-Sa 

1 .34SE+34 

7.S34E+3S 

W3  •  9  ( 

33.33 

:3 

«  •  imm 

1 .393E<-34 

1 .313E+34 

3.423E+3S 

4  4  fa 

•  1  •• 

138.35 

«  ( 

1  r 

2.7S 

1 . 1  S3E*34 

1 .337E+34 

3.3S2E^3S 

*  f  •  t  0 

33.31 

•  ^ 

1  »m 

3.23 

I.i3SS+34 

1 .31 1E^•34 

3.143EH-3S 

»•*»  CT 

•9a 

33.33 

\Z 

3.31 

1 .223E-i’34 

1 .337E+34 

3.484£^-3S 

52.43 

138.11 

u 

4  3^ 

1 .2S3S+34. 

1 .73SE+34 

3.333E^-3S 

54.25 

138.31 

Laast-SQuaras  lina  for  q  »  a*delta-T'b 
a  »  4.3943E+3i 
a  »  7.53«3S-3t 


MOTE:  U  data  points  uera  storad  in  fils  ftL7SA 
fiCTE:  ta  X-Y  pairs  uara  storad  in  data  fila 
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f<GT£:  Program  na»»  ;  CRPftLL 

Data  ta'Aan  ay  :  tiEYSa 

This  anaiyaia  aona  sn  fila  :  ftLSA 
This  analysis  incluaas  and-fin  aTfawt 
Tharmal  conduct ivity  »  231.3  <U/m.K5 

Ins  Ida  diamatar,  Oi  >  iZ.T^i  (mm) 

Cutsida  diamaiar,  Oo  «  !3.33  <mm) 

This  analysis  uaas  tha  3UARTZ  TriERttCfiETSa  raadings 

Mouifiad  Patuithov-Popav  coafTiciant  *  2.S®«« 

Using  HEATSX  insart  ins i da  tuae 

Tuoa  Snhancamant  ;  RECTANGULAR  RINNEC  TUBE 

Tuaa  malarial  :  ALUiilNUn 

Prassura  condition  :  ATncSPMERIC 

Nussalt  thaory  is  usad  for  Ho 


Cl  (Oasad  on 

PatuXhov-PoDov )  *  2 

.344® 

Aloha 

(Oasad 

on  Nussalt 

(Tdal))  *  1 

.1382 

Enhancamant  ( 

0  ) 

3  *, 

.  424 

Ennancamant  ( 

Oal-T) 

3  J 

.334 

Cat  a 

Uu 

Uo 

Ho 

QD 

Tcf 

Ts 

A 

(m/s  5 

(U/m-'t-K) 

(U/rn'C-X ) 

(U/m*:) 

(C> 

<C) 

1 

t.3S 

E.TAAS'!-®! 

1  .ZSSc'^G^ 

7.74S£+aS 

51.13 

188.84 

3.32 

3.S37S+33 

1.273E+G4. 

7.S37S+3S 

53.45 

188.86 

3.23 

3.372S<-03 

1 .287E+3i 

7.333E+8S 

57.41 

33.73 

a 

4 «  f  a 

3.tS3E+33 

! .3(4£+«4 

7.2B1E+8S 

54.31 

33.38 

S 

4  •  4»W 

3.7SSS^-33 

1 .32SE+04 

S.aS7£+8S 

51.73 

33.73 

S 

1 .7G 

3.227S+33 

I.3S2S+34 

S.423E+8S 

47.57 

33.36 

\  .17 

7.S37E+93 

5 .4335+34 

S.342S+BS 

33.73 

33.31 

3 

1.17 

7.S3SE+33 

1 .438E+34 

3,333E+3S 

33.34 

33.34 

3 

1 .73 

3.232S+33 

: .383E+34 

3 . 438E+flS 

4  •»  4  ^ 

*¥  f  • 

33.33 

13 

Z .  23 

3.S3SE^33 

> • 3  >  3E+34 

5.384E+8S 

52.27 

188.17 

«  • 

\  I 

2. 75 

3.1S1E+03 

1 .31SE+34 

7.241 £+35 

55.37 

188.85 

« 

i  i» 

3.23 

3.2S7E<-33 

1 .2S3E+S4 

7.347E+35 

57.35 

1 38 . 1 4 

]  3 

3.32 

3.S3SE+33 

t.273E+34 

7.S38E+8S 

53.35 

138.83 

S  4 

\ 

t.3S 

3.3S2E^33 

t .2Sl£+«4 

7.848E+8S 

51.15 

188. 13 

Laast-sauaras  Una  Tor  o  *  a*aelta-7*a 
a  •  3.S743E+3* 
a  «  7.s«we-«i 


MOTE:  U  data  qoints  uara  storad  in  Tila  ALSA 
NOTE;  14  X-Y  oaira  wars  storad  in  data  Tila 

> 

/ 

J 
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NOTE:  Procjran  nana  :  uRPftLL 

Oat  a  tail  an  tiv  :  MEYER 

Thta  analvais  dona  on  f;la  :  ftuSMTA 
Thia  anaivsia  inciuaaa  ana-fin  affact 
Tharmal  canductlvltv  »  231.3  (y/m.Xi 

Insida  dianatar.  Ol  =  !2.73 

uUtaiaa  aiamatar .  Co  »  13.33  im) 

Thia  analvaia  uaaa  tha  CUftRTZ  THERnCMETER  readinoa 
Modifiad  ?atu‘iinov-Pooov  coafficiant  »  2.S3SS 
‘JainQ  HEATEX  inaart  inaida  tuda 


Tuda  Ennancawani 

:  SMOOTH  TUBE 

Tuda  na 

tarial 

:  ALUMIMOM 

Praaaura  condition- 

:  ATMC3PHER 

r/^ 

4  w 

r4u3  3alt 

tnaorv  13  uaad  for  Ho 

C;  'dasad  on 

Patu'iinov-Popov )  *  2 

.37Si 

Alpha 

<da3ad 

on  NU336l-  V 

Tdai))  *  3 

.3ss; 

Er.nancanant  { 

a! 

1 

.813 

Ennancanant  ' 

Cai-T  / 

•  1 

.387 

Cata 

Uu 

Uo 

Ho 

Op 

»  W  < 

^ . 

1  9 

( i*l/ 3  / 

(W/i<*2-K  ) 

<y/n*2-K ) 

<U/n*2  > 

/  1 

V  w  / 

j  t 

V  U  f 

! 

* 

*•  • 

7.333E+03 

3.1S3S+33 

S.312E+3S 

93«5» 

33.33 

T  A-l 

W  «  Qtim 

7.S23E+33 

3.433E+83 

S.3S3E+SS 

33.33 

T 

W 

w  •  <3 

7.SSSS+33 

3.SS3E+33 

S.334E+8S 

^ 

•  1  ^ 

33.35 

4 

♦ 

-a 

«•  «  <  Q 

7.343E+33 

3.S32E+33 

3.341 £+35 

0«l  »  toO 

«  /%0% 

1  «/V  * 

s 

2  <23 

7.223£-t-83 

! .802E+84 

S.723E+3S 

#  /» 

3  t  •  »  i/ 

133.33 

3 

5 .73 

3.338E4-83 

t .322E+8* 

3.413E+3S 

CT  A  * 

3^  •  %/  1 

33.37 

i 

1  <  1  / 

5. 42 i £+33 

t.®7SE+«4 

3.333E+3S 

48.53 

33.32 

3 

1  1  •* 

1  «  »  4 

3.4i3E+83 

i .373E+84 

3.333E+3S 

48.83 

133.35 

3 

:  .73 

S.338E+33 

1 .322E+04 

S.4i7E+8S 

53.33 

33.35 

3 

-• 

7.!S3E+33 

3.333E+83 

S.S3SE+3S 

4  /J 

3  f 

133.27 

i 

-tc 
to  •  <  o 

3.23 

7,427E+03 

7.S33E+33 

3,329E+03 

3 . 73SE+33 

S.384E+0S 

S.333E+3S 

3w  • «/ 1 

3  to  •  i  to 

<  AA  •  A 

1  v«/  •  1  iJ 

aq  QQ 

w  W  •  to  to 

3.32 

7.3S3£*33 

3.3SSE+83 

3.332E+35 

33.54 

33.35 

4 

4 

<  •  o 

3.33SE+33 

3.13SE+3S 

33 . 33 

33.33 

Laaat 

-Squaras 

Line  for  Ho 

vs  q  curva 

• 

3 1  op  a  «  3.3033E-*-30 
Intarcapt  »  3.3S«SE+«a 

Uaaat-squaras  Lina  far  q  *  a^dalta-T'a 
a  •  2 . 723SS+3i 
a  «  7.saa«E-3i 


MOTE;  1  data  Pointa  uara  atorad  in  fila  ftLoMTft 
T'tGTE:  !»  x-Y  paira  uara  atorad  in  data  fila 
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N'CTc:  ProQnn  nawa  :  CRPALL 

Data  ta‘*,an  tjv  '  MEYSS 

This  anaiysxa  dona  on  fila  :  CNtS 
Thia  analysis  includas  and-fin  affact 
Tharmai  conductivity  *  53.3  CU/n.K/ 

Insida  dianatar ,  Ci  «  !Z.73  tmn! 

Gut 3 Ida  dianatar  ,  Go  »  ;3.33 

This  analysis  usas  tha  QUARTZ  THERfiCfiETER  raadinjs 

Modi f lad  ?atu‘*nov-?oDov  coafficiant  ■=  Z.S333 

Using  HEATEX  insart  ms  Ida  tuna 

Tuba  Ennancanant  ‘  RECTANGULAR  FINNEC  TU3E 

Tuba  matarial  :  33/i3  CU/NI 

Prassura  condition  :  UACUUN 

Nussalt  thaory  is  usad  for  Ho 

Cl  (basad  on  Patuiiuov~?ooov  <  *  Z>«*>3 


Alona 

vbasad 

on  Nussalt  (T 

S  V  «  • 

UC4  /  /  1 

.  5  5  38 

Ennsncanant  < 

M  ' 

*  t 

.333 

Ennancamant  tCal-T) 

«  1 

.33  5 

Cat  a 

Uu 

uo 

Ho 

uaW 

t  W  1 

T  • 

t  3 

A 

(  »/3  / 

<U/n*2-!<  5 

{y/in*2-«  ) 

V  W/n"2 / 

4  % 

\  w  / 

4  4* 
\  U 

1 

4.38 

3. 43 5 £+33 

2.3S3E+3S 

5  3.43 

43.33 

3,33 

3.S3SE+33 

: .4a2E+34 

2.7S4E+3S 

i  3 . 34 

43.33 

3 

3.33 

3.332E+33 

5 . 43SE+34 

2.737E+3S 

1  i  •  1  1 

43.43 

s 

4  •  (  < 

3.S72S+33 

t .S23E+34 

2.S54E+3S 

•  •  C 

1  1  t  1  o 

43.38 

S 

4  •  23 

3.234S+33 

5 .SS4E+34 

2.477E+3S 

53.34 

43.81 

s 

5  ,73 

7.S38S+33 

5 .S33S+34 

2.23SE+3S 

1 X  3Z 

48 . 7  4 

5.57 

S.333E+33 

5 .733E+34 

2.337E+3S 

t ;  .71 

43.33 

3 

5.57 

3.33SE+33 

5 ,742E+34 

2.343E+3S 

» •  ^  * 

)  t  •  f  < 

43.38 

3 

i  ,73 

7.73SE+33 

5 .834E+34 

2.323E+3S 

54.24 

43.33 

'.3 

-»  n«r 
4.44 

3.233E+33 

5 .37SE+34 

2.S52E+8S 

S3.3S 

43.73 

I ; 

Z  •  77 

3.7S4S+33 

5 . ESSE +34 

2.SS2E+8S 

»  •  n 

1  f  •  1  O 

43,83 

52 

3.33 

3.583E+33 

5 .S4SE+84 

2.732S+8S 

I  0  •  50  / 

43.73 

1  ^ 

1  w 

3.33 

3,S53E+33 

5 .346E+34 

2.385E+8S 

53.84 

43.33 

t  a 

» 

^ « wQ 

3.S23E+33 

i .473E+34 

2.334E+8S 

53.38 

43.37 

Laast 

-souaras 

Una  for  o  ’ 

3*dalta-T*i 

a  » 

3.543SE+34 

b  * 

7.3333E-3S 

NOTE: 

54  data 

points  wara 

storad  in 

flla  CN5S 

• 

MOTE: 

54  X-Y 

pairs  uara  st 

orad  in  da 

ta  flla 
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NCTS:  ProQraM  nana  ••  CRPftLL 

Data  taltan  by  :  flEYEP 

This  analysis  aona  on  fiia  :  CN1 
This  analysis  incluflas  ana-^in  affact 
Tharmal  oonfluc* ivity  »  SS.3  <y/in.i<; 

InsiOa  aianatar ,  Ci  *  \Z.la  imni 

Guts  Ida  aianatar  ,  Go  ■*  5  3.33  <nn5 

This  analysis  usas  tna  GUARTZ  TnERHGriETER  raadings 

“Ouifiaa  Patuiinov-PoDOv  ooafficiant  -  2.33G3 

usins  HEA7EX  insert  insiaa  tube 

Tuoa  Ennancanant  :  RECTANGULAR  PINNEC  TGSE 

Tuoa  natarial  ‘  33/ tS  CL'/NI 

Pr a 3 sura  oonaition  '  x/ACULff 


Nussalt 

tnaory  is  used  for  Ho 

Ci  5 based  on 

Patunnov-Pono 

V)  *  2.3732 

Alana 

5  based 

on  fiussalt  (T 

dal))  >  5.3SS5 

Ennancainant  < 

0) 

*  t  . 42S 

Ennancamant  (Gal-T) 

»  1.334 

Gat  a 

v‘U 

Go 

Ho  Cp 

Tcf 

Ts 

(iS/3  ) 

(«/n*2-K5 

<«/n-2-K)  («/n*2) 

(C) 

(C 

« 

\ 

*.3S 

3.t33E+33 

{.338S+34  2.SS4E+3S 

3.38 

43.45 

3.33 

3.3S3E>33 

5.3S2S+34  2.S33E+3S  13.25 

43.47 

3 

3.23 

3. 331 £+33 

5.413E+34  2.31SE+3S 

3.44 

43.54 

d 

'«» 

« a 

3, 345 £+33 

1.433E+34  2.S12E+3S 

7.53 

43 . 48 

3 

3.33SE+33 

t.477E+34  2.439E+3S 

S  *3' 

43.45 

O 

1  *  1  </ 

7. 331 £+33 

1.S3SE+34  2.2S2E+3S 

d 

43.83 

t  4*9 

1  •  i  ( 

3.34SE+33 

I.S31E+34  1.337E+8S 

^  4  * 

43 . 54 

3 

«  «  ^ 

(•if 

3.323E+S3 

;.S22£+34  t.383E+3S 

4o  .  S ! 

3 

5  .73 

7.743E+33 

5.3tSE+34  2.247E+35 

4.33 

43.52 

53 

<0  «  mij 

3.333E+33 

1.433E+34  2.432E+3S 

8.34 

43.43 

« 

1 

2.7S 

3 . 733E+33 

5. 4315+34  2.S4SE+3S 

7.53 

43.43 

1  ^ 

1  *• 

3.33 

3.333E+33 

5.4S5E+34  2.S7SE+3S 

3.33 

43.53 

13 

3.33 

3.233E+33 

1.427E+34  2.722E+3S 

13.37 

43.82 

U 

4.3S 

3.31SE+33 

1.4255+84  2.737E+8S 

5  3.82 

43.83 

Least 

-sauapss  Una  Tar  q 

»  a+aalta-T'b 

a  » 

2.3S33E+34. 

b  » 

7.S33SE-3! 

■VOTE: 

54  data  doints  uara 

storsd  in  Tila  CNl 

MOTE: 

54  X-Y 

oairs  uara  s 

torad  in  data  Tila 
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MCTS:  nam«  :  CRPftUL 

Cat  a  tafcan  tjy  ••  MEYER 

This  analysis  dona  on  Yila  :  Cf4?SR 
This  analysis  includas  and-fin  sffact 
Tharnai  conductivity  *  5S.3 

Ins  Ida  diawatar.  0i  »  >2.7®  (nn) 

Gutsida  dianatar.  Co  *  >‘3.33  (nn) 

This  analysis  usas  tha  GU'ftRTZ  THERMOMETER  rsadinos 

ModlTiad  Patukhov-Ropov  coaTficiant  »  2.35®® 

wsmo  HEATEX  insart  insida  tuOa 

Tuoa  Enr.ancamant  :  RECTANGULAR  FINNEC  TUBE 

TuOa  matarial  :  3®/;®  CU/NI 

Prassura  condition  :  UACUUM 

Nuasalt  thaory  is  usad  Tor  Ho 


Cl  idasad  on  Patukhov-Popov )  • 

Alpna  (tsasad  on  Nussalt  (Tdal)) 
Ennancanant  (q)  * 

Ennancawant  <Cal-T}  • 


2.7135 


Cat  a 

vVi 

*  »  A 

uw 

Ho 

VdM 

S 

1  W  t 

A 

L  4  / 

V  in  * 

/  t  $  *  .  *»  *4  * 

\  Wt  .  ! 

\  4/  in  w  / 

/As 
V  w  ^ 

3.336E->>®3 

.233E+04 

2.74SE+3S 

Li 

m 

3.34 

3.733E+33 

.3*  aE-hSc 

2.724E+3S 

Ll^  •  1  J 

•P 

U 

3.3® 

3.S33£+a3 

.34SE+34 

2.S43E+3S 

13.83 

a 

4* 

•f 

t  * 

3.38SE4-53 

.3S3E+34 

2.S73E+3S 

13.3® 

3 

2.24 

3.375£+a3 

.4SSE+34 

2.43tE+8S 

17.72 

5 

I  ,7® 

7.S73E+33 

.43SS4-34 

2.34tE+«3 

1S.7S 

7 

1 .17 

S.73SS+-a3  f.S17E+®4 

2.aS3£+®S 

13.55 

3 

1.17 

S.3®S£-)<®3 

.S27E+34 

Z.354E+35 

1  ^ 

i  W  •  34 

3 

1  .7® 

7.S33E+33 

2.333E+3S 

•  C 

>3«3  f 

t® 

-»  ^4 

im  « 

3.l7t£+«3 

. 43Sc+84 

2.S37E+3S 

17.47 

r. 

n 

4p  •  4  ( 

3.SS3E+a3 

.41’ £+34 

2.81 1E+3S 

13.51 

t  ^ 

3.3® 

3.3SSE453 

.334E+34 

2.724E+3S 

13.54 

13 

•  9  W 

3.137E+33 

.333E+84 

2.333E+3S 

LO  *  ^4 

•  J 

1  *• 

4 

■3.tSS£+33 

.34SE+34 

2.327E+3S 

A  •  ^  ( 

4  1  •  V  1 

Laast-squaras  Una  Tor  o  *  a*dalta-T'b 
a  »  2.3343£^ai 
a  «  7.S®®®£-ai 


NOTE:  >4.  data  points  uara  storad  in  flla  CN7SR 
.*40T£:  U  X-y  pairs  uara  storao  in  data  fiia 


i  a 

* 

«  w 

j  A  a  «« 
♦O  •  I 

43.74 
43.  S4 
43.  SS 
48.73 
43.54 
43.31 


48.32 
43 .34 
43.53 

■*<3  .  u  I 

43.73 


43.35 
43 . 3® 
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NCT£:  Praaran  nawa  ;  QRPALL 

Data  taitan  av  •  fl&YSR 

Thia  analysia  done  on  ^ila  *•  CKS 
This  analyaia  incluaea  eno-fm  affact 
Thermal  conductivity  *  53.3 

Inal de  di ame t ar  ,  C i  ^  ■  Z . T<3  '  mm  ) 

Cutaide  diameter.  3o  «  t3.33  immi 

This  analyaia  uaaa  tne  GUAPTZ  THERMCnETEP  raadinos 

nodlTiaa  Ratuknov-Pooov  coeTTiciant  =  Z.3333 

Uainy  hEATcX  inaert  inside  tuOe 

TuOe  Snnanosment  t  RECTANSuuAR  FINNED  Tu3E 

TuOe  meter lal  •  33/ <3  CU/NI 

Pr  a  a  aura  conuition  :  Vf^CUOft 

Nuaaalt  tneory  la  uaad  Tor  Ho 


Cl  (Oaaed  on 

PatuKhov-Poaov  5  *  Z 

.7543 

j^loha 

( Cased 

an  ‘Aisaelt  (Tdei//  *  3 

.3487 

Ennencenent  ( 

05 

a  1 

.235 

Ennencenent  tCal-T) 

*  ! 

•  ^4 

•  I  (  » 

Data 

L'U 

UO 

Ho 

Gp 

Tcf 

Ta 

A 

<  m/  3  5 

IW/m'Z-K  > 

tU/n‘'2-K> 

lU/n'Z) 

V  C  / 

to 

t 

4.37 

3.438£^•33 

. 1 345+34 

2.3535+35 

22.23 

43.72 

3,34 

3.34SS-t-33 

.2t4E+34 

2. 3355+35 

2’.  .73 

43.34 

▼ 

w 

3.33 

3.l33e+33 

.2325+34 

2.5325+35 

23.36 

43. 3t 

* 

««  i  < 

7.3S3E+33 

.2535+34 

2.4355+35 

;3.32 

43.33 

5 

«  • 

7.S3ZE+33 

.2335+84 

2.3375+35 

13.55 

43.53 

/• 

Q 

\  .73 

7 . 1 73E+33 

.3355+34 

2.2235+35 

$  *9  /»  » 

1  (  .  k;  t 

43.52 

t  f  ^ 

t  •  t  ( 

3.433E+33 

2 . 3355+35 

'  «  .  o  3 

*  0  *7C 

«  t  Q 

O 

f  s  ^ 

1  «  i  < 

3.3ZSC+33 

.334E+34 

2 . 33SE+3S 

:4.53 

43 . 54 

3 

i  .73 

7.335S+33 

. 274E+34 

2.2335+35 

1  i 

48.35 

13 

.e  ^ 

<»  « 

7. S3 1 £+33 

.2S4E+34 

2,3335+35 

13.33 

43.73 

\  \ 

4  •  <  1 

7.3ZSE+33 

2.4335+35 

23. 3  i 

43,53 

• 

1  ^ 

3«3i 

3,2S3E+33 

.2435+34 

2. 37; 5+35 

23.53 

43 . 43 

\Z 

3,34. 

3.2315+33 

.23tE+84 

2.S37E+3S 

n 

4  1 

43.62 

!4 

4.37 

0«  J  r 

. ; 325+34 

2.S43E+3S 

22.36 

43.32 

Least 

-aauarea 

line  for  a  * 

a»dBlta-T 

a  * 

2.S338S+34 

0  * 

7,3383£-31 

NOTE: 

!4  data 

aoints  ware  stored  in 

file  CNS 

r4CT£: 

t4  x-y 

pairs  were  stored  in  data  fila 
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m  3»  c> 


NOTE:  Progran  nama  :  SRPftLL 

Qata  takan  av  •  i^STER 

This  analysts  dona  on  fila  :  CN13A 
This  analysis  includas  and-fin  affact 
Tharnal  conductivity  *  53.3  vW/m.K) 

Insida  dianatar.  Ci  *  12.73 

Outsida  dianatar,  Co  *  13.33 

This  analysis  usas  tna  QuftRTZ  THERMCnETER  readings 

Nodifiad  Patuiihov-Pooov  coafTiciant  *  2.SS33 

Using  HE.'^TEX  insert  insida  tuba 

Tub a  Enhancanant  :  RECTANGULAR  FINNEC  TUSE 

Tuba  i»iaiarial  :  93/13  CU/NI 

Rrassura  condition  :  ATnCSPHERIC 

Nussalt  thaory-is  usad  for  Ho 


1  laasad  on  Pstuishov-Pobov ) 
Ipha  < baaad  on  Nussalt  <Tdal/i 


nhanc ament 


<q) 


Enhancamant  <Cal-T) 


ata 

UU 

Uo 

Ho 

Go 

Tcf 

T  • 

1  a 

(m/s  1 

<U/m'2-X  5 

tU/m^Z-K'/ 

r-i/n'C ) 

(C) 

/  ^ 

\  w 

* 

1 

a  7  a 
^ 

1 . 1 33£f34 

I .3SSE+84 

3.2I2E+3S 

49.55 

1 83 . 1 5 

-n 

3.3* 

1  .  1S7E+34 

1 .333E+34 

9.314E+3S 

47.53 

33.31 

3.23 

1 . 1 43E+34 

1 .941 £+34 

3.323E+3S 

45.45 

39.74 

« 

«• 

^  •  1  9 

1.11 2S+34 

1 .379E+34 

3 .5S3E+35 

43.29 

188.21 

s 

^  nm 

tm  • 

1 .3S4S4.34 

2.333E+34 

3.t22£+3S 

33.95 

93.39 

s 

1  .59 

1  .334E+34 

2.143E+34 

7.SISE+8S 

35.45 

33.33 

t 

1 .  IS 

3.333£<-33 

2.336E+34 

5.791 £+35 

29.44 

188.23 

3 

1 .15 

3.3S2S+33 

2.277S+34 

5.751 £+35 

29.59 

188.25 

9 

1  .59 

3.31SE+33 

2.393E+34 

7. 551 £+35 

35.33 

188.83 

13 

-e 

im  • 

1 .371 £+34 

2.3S3E+34 

3.235E+8S 

39.39 

138.24 

1 1 

2.7S 

1 .131E+34 

2.342E+34 

3.717E+35 

a  7  /•« 

*03 

. .».»  t  * 

1  U«  .  1 

«  ^ 

1  ^ 

3.23 

1 .1315+34 

2.33SE+34 

3. I33E+35 

*  t  O 

188.28 

*  3 

3.31 

1  .2175+34 

2. 321 £+34 

9.357E+3S 

45.34 

188.17 

t  a 

1  a* 

4.34 

1  .235E+34 

1 .379E+34 

3.51 1E+3S 

X3 . 3S 

.  /»/» 
t  VO  . 

Laast-sQuaras  line  for  o  »  a^dalta-T^b 
a  *  S.1S47S+34 

a  *  7.S3C3E-3i 


NOTE:  14  data  aoints  uara  stored  in  fila  CNISA 
NOTE:  14  X-Y  pairs  uara  stored  in  data  file 


f4GTS:  ProQram  nans  '•  CRPftLL 

Cata  takan  ay  •  ilEyS” 

This  analysis  uona  on  file  :  CNiA 
This  analysis  incluSas  and-fin  affacl 
Tharnal  conductivity  »  3S.3  'U/rfi.XJ 

Inaida  dianater.  Qi  =  12.73  <«n) 

Gutsida  diamatar,  Co  «  13.33  (mn; 

This  analysis  usas  tha  GUARTZ  THERflGtlETcR  raadmcs 

hoaifiad  Patukhov-Pooov  ccafficient  =  2.S333 

Using  HSATEX  insert  insiaa  tuOa 

Tuda  Enhancawant  ‘  RECTrtMSULAR  FIMNEH  TUSE 

Tuoa  natarial  t  33/13  Cvj/*1I 

Prassura  condition  •  ATHGSPHESIC 

Nussalt  theory  is  us ad  for  Ho 

Cl  tsasad  on  Paiuknov-PoBOv  )  *  2. 3333 

Aloha  loasad  on  Nussalt  (Tdal))  ^  1.3723 

Ehhancamant  <o)  »  1.333 

Enhancanant  IQal-T)  *  1.31^ 


Gat  a 

Uu 

Uo 

Ho 

GP 

Tcf 

1  d 

A 

<  n/  3  ) 

a  1 4  A  ^  ^  1 

\  in  4^^  J 

lW/m-'2-K  5 

(«/n*2) 

(C) 

/  /^  » 

^  w  / 

4,3S 

1 .  3S3E4‘34 

. S43E+84 

3.314E+8S 

S3. 73 

1 33 . 34 

3.31 

1 .3S3E4-34 

.S33E4'34 

3.283E+3S 

43.  S8 

33.33 

•9 

3.23 

1  .338£'<‘34 

.727E+34 

3.813E+3S 

«c  ^  * 

*^0  • 

33.32 

4 

2.7S 

1  .332E+34 

.7S3E+34 

7.72Sc+aS 

44.15 

133.33 

a 

3.S3SE+33 

.77SE+34 

7.23SE+35 

41  .33 

33.35 

S 

1  .S3 

3.343E4-33 

.331 £+84 

S . 3S4E+3S 

38.24 

33.75 

1  .IS 

3.3SSE4-33 

.333E+84 

S.863E+8S 

33.35 

133.33 

3 

1  .IS 

3.3S2E+33 

.332E+84 

3.8SSE+8S 

38.45 

1 33 . 33 

3 

1  .S3 

3.343E+33 

.347E+84 

3.734E+8S 

35.73 

133.33 

13 

*m  • 

3.S3SE+33 

.387E+84 

7.3SSE+8S 

43 . 73 

133.33 

1 1 

2.7S 

1 .317E+84 

. 733E+84 

7.772E+8S 

43. 4S 

1 33 . 33 

12 

w « ^4 

1 .3S4E+34 

.7S4E+84 

3.343E+8S 

45.57 

33.33 

•  ^ 

t  J 

3.31 

1  .377E+34 

.723E+84 

3.21SE+8S 

47.53 

33.33 

«  4 
f 

a 

«  • 

1  .336E'^34 

.732E+84 

3.357E+3S 

43.17 

133.15 

Laast-sauaras  Una  for  q  *  a*aalta-T*t3 
a  »  4- .  S483E+34. 

a  «  7.S333E-8I 


NOTE:  14  data  points  ware  storad  in  fila  CNtA 
NOTE:  14  X-Y  pairs  uara  stored  in  data  fils 
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NOTE:  Program  nana  :  ORPftLL 

Cat  a  taHan  ay  ;  ftEYER 

Thi3  anaiyaia  dona  on  fiia  :  CN‘7SAR 
This  analysts  inciuaas  ana-fin  affact 
Tharmal  oonauctivity  *  35.3  (y/rn.X) 

Insiaa  aianatar.  Cl  *  t 3.7®  < mm? 

Outsiaa  aianatar,  Co  >  1Z.33  <nn; 

This  analysis  uses  the  QUART!  THERfiCrtETER  raadinga. 

Moaifiaa  Patuitnov-PoMOv  coafficiani  *  2.33®® 

Using  HEATEX  insart  insiaa  tuoa 

TuOa  Enhancanent  :  RECTANGULAR  RIihNEC  TuSE 

Tuaa  natarial  :  3®/i3  CU/NI 

Prsssura  conaition  :  ATflCSPHERIC 

f4ussalt  thaory  is  usaa  for  Ho 


Cl  vOasad  an  PatuSihov-Paaov >  *  2.343t 


Alpha 

IPasad 

on  Nuasalt 

<Taal)>  *  1 

9439  • 

•  3«;> » 

Enhancanant 

<ql 

*  1 

.733 

Ennancanant 

(Oal-T) 

*  1 

.321 

Data 

Uu 

Uo 

Ho 

Co 

Taf 

Ts 

* 

w 

<n/5 ) 

<«/n*2-K) 

<U/m*2-K ) 

lU/n*:) 

<C) 

<0 

t 

1 

4.33 

1 .®38S^®4 

1  .SS!S4'®4 

3.1S7E+8S 

C9  99 
34  • 

33.33 

W  • 

1 .®2®E^®4 

1 .331 £+84 

7.383E+3S 

33.32 

33.32 

3 

W  •  «»  w 

1 .314E<-34 

1 .84SE^®4 

7.3SSE+35 

47.31 

33.35 

4 

<  o 

3.S37S4-33 

1 .SI®E*®4 

7.437S+0S 

48.37 

1 3® . ®3 

3 

<•  • 

3.271E+33 

1  .S83E4'®4 

7.232E+0S 

4  9  99 

9«i  •  ^4 

133.24 

S 

1 .33 

3.S37E+33 

1 .83®£^34 

S.S33E^®S 

99  4  « 

W3  •  9  1 

18®. 12 

1  .  IS 

7.3S7E+33 

1 . 343E+34 

S.327E+8S 

99  C  • 

•  O  1 

1 3® . 1 3 

3 

1.16 

7.331E+33 

1 .3S3E+34 

S.343E+35 

99  4  9 

w4  •  9<J 

133.14 

3 

1 .7® 

3.S32E+33 

1 .733E+84 

S.S37E+3S 

99  99 

^  w  •  WW 

133.13 

13 

4  •  4W 

3.243E+03 

1 .388E'^®4 

7.:3SEi-0S 

49  99 

9w  •  40 

33.33 

•  « 

1  1 

2.7S 

3.SS7E+33 

1 .S23E+34 

7.332E+3S 

98  .ZS 

33.38 

• 

1  4. 

3.23 

1 .333E+04 

1  .S30E+34 

7.33Sc*®S 

48.38 

33.37 

13 

3.31 

1 .317E4-34 

1.S71E+34 

7.32SC+0S 

53.^3 

133.33 

14. 

4  94 

!  .®23E-t-«4 

I .S41E+04 

7.338E+03 

3!  .3® 

33.3® 

Laast-squaras  lina  for  q  »  a«aalta-T*q 
a  «  i.2S3SE+-04 
a  *  7.S300E-9I 


NOTE:  14.  data  qoints  uiara  stortd  in  fila  CN7SAR 
NOTE:  14  X-Y  pairs  uara  storad  in  data  fila 
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NOTE;  Progpan  name  :  ORPALL 

Cat  a  taican  &y  :  riEYER 

Thia  anal'yaia  aona  on  fila  :  C*4SA 
This  anaiyaia  includaa  ana-fin  affact 
Thermal  canauotivity  *  3S.3  'U/m.K) 

Insiae  aiamatar ,  Cl  »  tC.73  (mm) 

Outaida  aiamatar.  Co  »  >3.33  (mn) 

-  This  anaiyaia  uaaa  tna  C'JARTZ  THEPilCriETEP.  reaainQs 
iiodifiaa  Patuithov-Pooov  ooaffioiant  *  2.S883 
CainQ  HEATEX  inaart  inaiaa  tuba 
Tuba  Ennancamant  *  RECTANGULAR  FINNEC  Tu3E 
Tuba  matarial  *  3C/'3  CU/NI 

Praaaura  oonaition  :  ATttCGPKERIC 
r4ua3ait  thacry  la  usaa  for  Ho 


Cl  tbaaaa  on 

PatuHhov-Popov /  a  2.3a30 

Alpha 

(based 

on  ‘(us salt 

*  *  a  4  ^  «  1 

\  1  39 i  *  1  •  1  43 i 

Enhancamant 

<a> 

a  1 . asa 

Ennancamant 

(Cal-T) 

a  t.32a 

Cat  a 

\Ju 

Uo 

Ho  Cp 

Tcf 

TS 

4k 

(m/s ) 

(W/m-'Z-K } 

('4/m"2-K}  (U/m*2;' 

(C) 

(C 

« 

1 

a. 36 

3.300E^03 

t.278E+0a  7.233E+0S 

57 .02 

33.33 

4 

3.33 

3.32SE+03 

l.303E+0a  7.S32E+0S 

53.18 

33.37 

W 

3.33 

3. 73 « £+03 

!.32SE+0a  7. 035 £+05 

3W  • 

33.83 

X 

2-77 

3.a3SE+03 

;.33a£+0a  S.306E+05 

3!  .03 

33. St 

3 

n 

4  • 

3.232E+03 

5.37aE+0a  5.S57S+0S 

a7.73 

33.33 

3 

\  .7« 

7.323E+03 

! . a3  S  £+0a  S . 2 1 aE+0S 

4^ 

m 

!00.05 

n 

•  • 

1  •  1  ( 

7.233E+03 

I .S82E+0a  3.333E+0S 

I 00 . 05 

3 

!.I7 

7.22SE+03 

:.3S3E+0a  3.83'.E+05 

38  .i7 

1 vv • \ u 

3 

:  .7« 

7.373E+03 

I.aa7£+0a  3.23a£+0S 

43.08 

33.30 

:9 

4  •  4^ 

3.3!SE+03 

.336E+0a  S.O23E+0S 

47.48 

!00.32 

1 1 

2.78 

3.633E+03 

l.380E+0a  S.3e0E+0S 

50.44 

i00.17 

1  ^ 

1  4 

3.23 

3.f70G+03 

!.aJ3E+6a  7.3J0E+0S 

Si  .75 

! 00.08 

13 

3.32 

3.23aE+03 

5 .373E+0a  7.330E+0S 

53.53 

33.  Sa 

ta 

^.38 

3.a77E+03 

1.37!E+0a  7.322E+0S 

54.35 

33.74 

Laaat-souaras  lina  for  q 

a  a.dalta-T'b 

a  « 

3.S7a2£+0a 

b  » 

7.SaO«£-0J 

NOTE: 

!a  dat 

a  points  uara  storaa  in  fila  CT^SA 

NOTE: 

ia  x-Y 

pairs  uara 

stored  in  data  flia 
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f{CT£:  Progran  na«a 
Data  taican  by 
This  anaiysia 
Thia  anaiysia 


;  CRPftLL 

:  nEYER 
dona  on  fila  '•  33  55 
includes  ana-fin  affect 


.73 

3.33 


Tharnai  conductivity  *  < 

Inside  dianatar,  Cl  *  i2 

Outsida  dianatar,  Co  * 

Thia  analysis  usas  tna  GCAflTZ  THERfiCME 
Mouifiad  Patuiinov-Pooov  coefficiant  = 
Using  HEATSX  insert  inside  tuSa 
Tuda  Ennancemant  :  RECTANSULAR  FINNS" 
Tude  material  '•  STAINLESS-STEEL 

Pressure  condition  •  vACUUN 
Nusaalt  tneory  is  used  for  Ho 


( it  /  m .  X  ) 

( mm  / 

\  mm ) 

ER  readings 
Z.3333 


Cl  leased  on 

Patunnov -Panov  >  «  i.348t 

Alans 

xoased 

on  Nusseit  V 

Tdelll  *  3.77SS 

Er.nanc  ament  l 

Q' 

*  .94i 

Ennanc ament  1 

Oal-T) 

*  .357 

Cats 

Uu 

Uo 

Ho  wP 

Tc  f 

Ts 

* 

ar 

<m/3  / 

lU/m-2-X  ) 

<U/m-2-X)  {U/m"2> 

(C) 

1  w 

t 

\ 

4.37 

3.343e+33 

1.3S2E+84  1.3S3E+3S 

17.45 

43.74 

3.34 

S.7S3S+33 

1 .37SS+34  1.31SS+3S 

15.33 

43.71 

▼ 

3.33 

S.SS3E+83 

1.393E+34  1.77te+8S 

15.13 

43.53 

^  77 

fa  •  V  < 

S.417S+33 

1.388E+34  1.71Sc+3S 

15.79 

43.83 

s 

fa « 2^ 

S.233E+33 

l.tt3E+S4  I.S43E+0S 

•  *  7? 

1  *  /  / 

43.83 

s 

:  *73 

4.3S7E+33 

i.52S£+34  1.S29E+3S 

•  ▼ 

1  fa  «  3  1 

43,75 

•  f  -* 

1  •  1  < 

4. 44 t £+33 

1.227E+34  :.33SE+0S 

«  «  at 

1  1  •  • 

43.34 

3 

•  •  ^ 

i  •  *  * 

4.4SSE+33 

;.233E+34  1.4325+35 

«  t  *r*e 

1  1  fafa 

43.33 

3 

\  .73 

4.3S3S+33 

1.523E+34  1  .5365+35 

i  fa  9fa 

43 . 32 

13 

3 . 1 34E+33 

1.381E+34  1.5445+35 

t  e  ^  • 

I  a  *  fa  k 

49.35 

;  1 

-t 

fa  «  1  ( 

3. 421 £+33 

1.333E+34  1.7235+35 

•  « « 
i  a .  a  i 

43 .83 

• 

3  •  3  ( 

S.S3SE+33 

1.391 £+34  1,7735+35 

<  f* 

1  O  •  fa  ^ 

43.85 

13 

3.34 

3.33SE+33 

1 .3935+34  1 .3335+35 

•  C  7C 
i  O  •  f  9 

43.53 

U 

4.37 

3.337E+33 

1.3735+34  1.3335+35 

•  ^  4C 

1  (  •  *^0 

43.33 

Laast-SQuaras  line  for  q 

*  a*daita-T''0 

. 

a  • 

2.S333e+34 

d  ■ 

7.S333€-31 

NOTE: 

14  data  points  wars  stored  in  file  SStS 

MOTE: 

14  X-Y 

pairs  uara 

stored  in  data  file 
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fiCTS:  Proaran  na»s  ;  CRPALL 

Cat  a  takan  Oy  ‘  ilE^sa 

Thii  analysis  dona  on  fila  :  33! 

This  analysis  includas  and-fin  afTact 


Tharnal 

conductivity 

*  14. 

3  xW/w.K) 

Ins Ida 

diaisatar.  Ci 

»  12.7 

3  (mm ) 

Cutsida 

dianatar .  Co 

*  13.33  (nnJ 

This  analysis  uaas  tha  QUARTZ  THERMCMETER 

raadings 

Jlodlfiad  PatukhoJ-PQOov  ooafTiciant  »  1 

.3000 

Using  HEATEX  insart 

insida  tuba 

Tuba  Enhancanant  : 

RECTANSULAfi 

FINNEC  TUBE 

Tuba  natarial  : 

d  1  1  CwU 

Prassura  condition  : 

UACUun 

Nussalt 

thaory  is  usad  Tor  Ho  -  - 

-*  -  - 

Cl  vdasad  on 

Patuxnov-Pooov ;  *  2.1 

332 

Aloha 

(basad 

on  Nussalt  !  Tdal i )  *  0. < 

313 

Ennancanant  (o) 

»  .334 

3nnancanant  \ 

«  .333 

Cata 

Uu 

Uo 

HO 

Qp 

Tcf 

Ts 

A 

<«/3  ) 

X  W/iH*Z*K  ) 

<W/n"2-K> 

{W/is*2> 

<C) 

\  W 

1 

*.33 

3 . 1 3SE+03 

1.1043+04  1 

.3233+03 

13.33 

43.31 

3.33 

3.3S0E4-O3 

1 .0873+04 

.7332+03 

18.22 

43.38 

W 

3.30 

S.304.E+03 

1.1222+04  1 

.7S4E+0S 

13.84 

43.74 

i 

4  «  f  Q 

S.S33E+03 

1.1 132+04 

.3332+03 

13.13 

43.73 

5 

4  •  4W 

S.470E+03 

1.1 322+04 

.3312+03 

14.40 

43.33 

6 

!  .70 

5.ISSE*03 

1.1S8S+04 

.3322+03 

13.23 

48.33 

7 

1.17 

4.713E+03 

1 .223E+04 

.3332+03 

It  .33 

43.34 

3 

i  .17 

4.7223+03 

I .2322+04 

.3342+03 

11.31 

48.33 

3 

1  .70 

S.143E+03 

l.lSlE+04 

.2332+03 

» ▼  ** 

1  W  • 

43.83 

to 

«»  •  W 

S.4S2E+03 

1 .1232+04 

.3232+03 

14.47 

43.73 

t  ! 

2.73 

3.7122+03 

1 .1232+04 

.7032+03 

13.13 

43.73 

$  ^ 

(  c 

3.30 

3.3133+03 

1 .033E+04 

.7442+03 

13.38 

43.70 

•  ^ 

1  ’J 

3.33 

3.0102+03 

1 .1032+04 

.7332+03 

13.13 

43.71 

li 

*.33 

3.0342+03 

1 .0732+04 

.3022+03 

t  f*  "9  • 

1  O  •  1  » 

a  A 

•  *  * 

Laaat 

-SQuaras  lina  for  o  »  a*d8lta-T'’b 

a  * 

2.2!  lSEi-04 

h  * 

7.SOOOE-01 

r«3TS: 

14-  data  points  uara 

storad  in  f 

lla  S3! 

MCTS: 

U  X-Y 

pairs  uara  storad  in  data  Tila 
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W}T£:  Program  nama 
Data  talcan  t3y 
Thia  analyaia 
Thia  analysis 


C«PrtLL 

:  HEYSR 

dona  on  ?ila  •  337S 
includas  and-fm  af^act 
TMarmal  conductivity  »  J4.3 

Inslda  dianatar.  Cl  *  52.7®  (mm) 

Gutsida  diamaier,  Co  »  13.33  <mm> 

THIS  analysis  usas  tna  DUART:  THERUCnETER  raadings 

rtodifiad  Patuknov-Pooov  coafflciant  »  2.30«8 

Using  HE-^TEX  insart  inside  tuCa 

Tuda  Ennancamant  :  RECTftNGULftR  PINNED  7U3E 

Tuoa  material  :  3TAIf4LE33-3T££L 

Prassura  condition  :  VACUUM 

Nussalt  tnaory  is  usad  for  Ho 


Cl  'daaad  on  Patuxnov-Pooov ) 
Aidna  Idaaed  on  fiussalt  <Tdal'») 
Ennancamant  <0/ 

Ennancamant  (Oal-T) 

Data 


t, 

4 

5 
S 
?■ 
3 
3 

18 
1 1 

12 

a 

»  ^ 

u 


2.S31S 

8.38S4 

!.tS8 

1.113 


Uu 

Uo 

Ho 

Cp 

Tcf 

Ti 

n/s } 

IM/WZ-K) 

<W/m*2-K) 

{U/m*2) 

tC  J 

vC  / 

4.37 

8.383E+83 

t .27SE+84 

2.124E+8S 

IS.SS 

43  44 

3.34 

3.SS7E+83 

1 .278E+84 

2.838E-)'8S 

18.43 

43  3^^ 

3.38 

S.SS3E^83 

1 .388E+84 

2.a62£+8S 

15.33 

4  ft  *?** 

•a^O  •  t  U 

^  4  t  t 

3 . 448£>83 

1 .33SE+34 

1 .339E+8S 

14.37 

43 . 43 

2.24 

3 .88G£'^83 

1 .334£f84 

!.383E^8E 

14.43 

43.53 

1 ,78 

5.732E+83 

1 .323E+84 

1  .7S2S+8S 

1  W  •  wte 

43  •  45 

«  «  ^ 

1  •  i  f 

E.2S3£^-83 

1 .482E+84 

1 .317E+8S 

•  •  CT 
(  1  •  3W 

43 . 73 

*i  *  »  7 

S.233E+83 

1  .424E-i-34 

1 .S13E+8S 

•  • 

(  t  •  W  1 

43.38 

1  .73 

5.774£+33 

1 .348E+84 

1 .794E+aS 

i  w  • 

43.72 

eft  aft 

• .  <  < 
3.38 
3.34 
4.37 


S.83SE-t'83 
3.3S4£+a3 
S . 448E483 
3.S13e+83 
g,717£+83 


1 .333E+34 
1 .3S3E+34 
1 .2S3E+84 
1 .228E+84 
1 .244E-t'84 


1 .388E+8S 
1 .376E+eS 
2.8t3E+aS 
2.347E+8S 
2.38SE+aS 


« C  IS 
13.10 

13.12 

13.78 

•  e 

I  B  .  I  O 


Least -squaras  line  for  q  »  a*d8lta-’T*tJ 


a 

q 


2.SS77E+a4 

7.s8aa£-ai 


NOTE:  14  data  points  ware  stored  in  fila  337S 
NOTE:  14  x-T  pairs  uara  stored  in  data  file 


•3  •  43 
43.33 
43.98 
43.3! 
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MOTE:  Prooraw  na«*  :  GRPftLL 

Cata  taKtn  tiy  :  riEYER 

TMia  analysis  dona  on  fila  :  33S 
This  analysis  includas  and-fin  affact 
Tharnal  conductivity  »  54.3  <U/n.K) 

Ins  Ida  dianatar.  Cl  >  !Z.70  (nn) 

Outsida  dianatar,  Co  »  i3.33  (nn) 

This  analysis  usas  tha  CUAPTZ  THEP^tOn£TER  raadings 

Modifiad  Patukhov-Popov  coafTiciant  *  Z.aOOO 

Using  HEATEX  insart  insida  tu&a 

Tuba  Enhancanant  :  RECTANSULAR  FI‘4N£3  TUSE 

Tuba  natarial  :  STAir4L£33-3TEEL 

Prassura  condition  :  UACUUn 

Mussalt  thaory  is  usad  for  Ho 


Cl  <basad  on 

PatuXhov-Popov )  »  fa 

.3333 

Alpha 

<baaad 

on  Mussalt 

<  Tdal ) )  *  0 

.3673 

Enhancanant 

<0> 

«  t 

.263 

Enhancanant 

tOal-T) 

»  i 

.133 

Oat  a 

Uu 

Uo 

Ho 

Op 

Tcf 

Ts 

m 

(n/s  > 

<«/n-2-K) 

<«/n*2-K> 

<«/'n‘‘2) 

(C) 

(C 

1 

1.37 

7.081E+03 

1 .127E<-01 

2.tS3E>0S 

13.03 

13.23 

4 

3.33 

S.73SE+03 

:.388Em 

2.06SE*0S 

13.10 

13.33 

3 

3.30 

S.7t3E+03 

t  .120£-)>01 

2.082E4-0S 

11.32 

18.70 

i 

2.77 

S.132E+03 

1 .102E1-01 

1 .3316^03 

t  a 

1  44 

18.71 

S 

2.21 

8.!8SE+03 

! .133EV01 

t.30IE^03 

13.21 

13 . 13 

3 

J  .70 

S.7g0£+03 

1  .ISTEm 

1.787E+0S 

12.13 

.  rt  .» • 
faO  .  1  ■ 

i 

t .  t7 

S.2ISE+03 

1  .SSSE-i-Ol 

1 .3363+03 

13.10 

13.71 

3 

t  .17 

3.2SSE>03 

1 .S73E^0a 

1 .S33E+05 

10.  IS 

13.33 

3 

!  .70 

S.3t3E+03 

1 . 181E-<-0i 

:.300E+05 

•  ^ 

1  4  •  1  W 

13.63 

to 

S.l36E-»-03 

1  .UTE+Ol 

I.3I8E+0S 

13.21 

13.13 

1  ' 

fa.  1  1 

S.18SE+03 

1  .l3tE-«-01 

2.006E+0S 

11.02 

13.30 

a  ^ 

1  4 

3.30 

S .  S73E'^03 

I.SEtE-i-Ol 

2.065E+0S 

13.17 

13.71 

r3 

3.81 

S.73IE+03 

:  .sidE-t’Oi 

2.t07E+0S 

13.63 

13.80 

ta 

1.37 

S.322E+03 

t  .381E-I'0l 

2.t37E+0S 

13.31 

13.60 

Laast-squaras  Una  for  q  «  a^dalta-T'b 
a  •  2.7a63E-»-9a 
b  »  7.SM0e-«l 


MOTE:  data  points  uara  storad  in  fila  333 

MOTE:  U  X-Y  pairs  uara  storad  in  data  fila 
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CRPrtLl- 

:  n£Y£R 
don»  on  fila  *•  3315^ 
tncludas  and'fin  a'fac* 

»  M.Z  'M/m.x; 

»  i 2 . T3  <  mm  ) 

*  :2.33  'nn/ 

rhiranalysts  usas  tna  QUARTZ  THERncnETSR  rsaaings 
MOdifiad  PatuJihov-PoDOv  coefficiant  *  2.5S33 
using  HEATEX  mart  tnsida  tuoa 
Tuda  Ennancawant  :  RECTANGULAR 
Tuba  natarial 
Prsasura  condition 
Nussalt  tnaory  i3 


NOTE:  Program  nana 
Oata  taxan  by 
This  analysis 
This  analysis 
Tharnal  conductivity 
Insida  dianatdP.  Ci 
Cutsiaa  dianatar .  Co 


:  3TAINLE33-3TEEL 
:  ATfiCSPHERIC 


Cl  (basad  on  Patukhov-Popov ) 
Aloha  (basad  on  Nussalt  <Tdal: 
Ennancanant  <0? 

Enhancamant  <Cal-T> 


r  Ho 

2.434S 

0.3333 

m 

1.133 

« 

1 . 102 

Cat  a 
$ 


Z 


3 

s 

I 

3 

3 

<3 

: ! 

•  ^ 

I 

\z 

u 


Mu 

<«/S ) 

a.3S 

3.33 

3,3® 

2.7S 

im  4  4bW 

!  .7® 


1.7® 

4  *  4W 

2.7S 
3.23 
3.33 
4..  36 


UO 

(W/n'C-N } 

S.SS2S*e3 

S.4S3E+33 

3.4®te+«3 

S.5S3S>®3 

S.333E+33 

3.s:®E-^®3 

3.2! ;£< 33 

S.:23E^-S3 

S.S33E>®3 

S.3t7E+®3 

3.235S+03 

S.373e+®3 

3.3®Sc+03 

S-SaCE-f-OC 


Ho 

Op 

Tcf 

UI/»"2-K} 

lU/n'2) 

1C) 

1 .200E-t-O4 

5.3076+05 

44 . 24 

1 .2106+04 

S.214E+0S 

43.03 

1 .243E+04 

5. 1236+05 

4  1 

^  1  •  4  ^ 

1.23CE+04 

4.333E+0S 

4  V  •  »  ^ 

1 .24SE+04 

4.7S4E+0S 

33.10 

1 .2706+04 

4 . 434E4>0S 

35.37 

1.332S+04 

4.1236+05 

23.33 

1 .33SE+04 

4.1306+05 

3  •  04 

1 .2SSE+04 

4.4716+05 

33  •  32 

1.240E+04 

4,7446+05 

33.23 

1 .2S3E+04 

4.3936+05 

so 

vO  •  0  0 

1.23!E+®4 

5.1036+05 

41  .51 

;.222£+04 

5.2236+05 

42.73 

1 .212E+04 

5.3176+05 

43.38 

Lsast'sauaras 
a 


Una 
3.t233E+0A 
7.S8«a€-«t 


Top  0  *  a^fdalta-T^b 


NOTE:  1 4  data  points  wars  storad  in  flla  331SA 
NOTE:  i4  X-T  pairs  uara  storad  in  data  'ila 


Ts 
(C> 
133.07 
103.04 
33.33 
33.75 
33. 3S 
100.23 
33.33 
33.33 
33.37 

33.32 

33.74 

33.33 

100. as 

100.13 
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MOTE:  Prograw  nan*  :  ORPALL 

Data  tall  an  oy  :  MEYER 

This  analysis  dona  on  fila  :  33.5 2SA 
This  analysis  includes  and-fin  affect 
Thermal  conductivity  *  14.3  \U/m.K) 

Insioa  dianatar.  Cl  »  12.73  (mm 5 

Outside  diamatar.  Oo  *  13.38  (mm) 

This  analysis  uses  the  QUARTZ  THERMOMETER  raadings 

Modified  PstuKhov-Pooov  coefficient  *  2. 5333 

Using  HEATEX  insert  inside  tuba 

Tube  Enhancement  :  RECTAfiGULAR  FIMN-EO  TUBE 

Tube  matarial  :  STAINLESS-STEEL 

Pressure  condition  :  ATMOSPHERIC 

Nussalt  theory  is  used  for  Ho 


Cl  (based  on 
Alpha  (based 
Enhancement 
Enhancement 

PatuXhov-Popov )  »  2 

on  Nussalt  (Tdel))  «  3 

( q  >  «  5 

<Cal-T)  *  1 

.3838 

.3911 

.188 

Cate  Uu 

Uo 

Ho 

Qp 

Tcf 

3  (m/s) 

(Vl/m-2-K) 

(U/m‘‘2-K> 

<W/m'*2) 

(C) 

1  4.38 

S.734e+33 

1 .22SE434 

S.S13E48S 

45.31 

2  3.33 

8.75SE-t‘33 

1 .2S3G434 

S. 471 £435 

43.78 

3  3.33 

S.SS3E433 

1 .271 £434 

5.3885435 

42.23 

4  6  •  f  r 

S.S2SE^33 

1.231E+34 

5.243E435 

43.83 

5  2.23 

S.338£•^33 

1 .333£-)'34 

S.35SS43S 

38.88 

8  1 .73 

S.3S4E-«>33 

1 .383E-i'34 

4.333E435 

35.51 

7  1.17 

S.S38E^33 

1 .438E-t'34 

4.423£435 

33.33 

3  1.17 

5.Sd3E-)-33 

1 .43lE-^34 

4. 421 £435 

33.33 

3  1 .73 

8.3845-^33 

1 .383E434 

4.343E48S 

35.43 

13  2.23 

5.4l7E-t-33 

1 .3SS£434 

S.1SSE435 

33.33 

11  2.78 

8.S3S£-^33 

1 .313€-^34 

5.31 1E435 

43.23 

12  3.33 

8.3315^33 

1 .321 £434 

5. 481 £435 

41  .51 

13  3.33 

S.387E-t-33 

1 .3348434 

5.5I7E485 

42.12 

14  4.38  7.3S3E+33  1 .313E+34 

Laast-sQuares  line  for  q  »  a»delta-T 
a«  3.3114e+34 
b  «  7.S833E-31 

NOTE:  14  bate  points  uere  stored  in 

S.857E435 

•*b 

file  33I2SA 

43.24 

NOTE:  U  X-Y  pairs  were  stored  in  data  file 


Ts 

(C) 

133.33 

133.18 

33.73 

33.31 

39.33 
138.37 

33.34 
33.38 

33. 35 
133.23 
133.11 
133.33 
133.33 

133.35 
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NOTE:  Proaran  nana 
Data  taHan  ay 

This  analysis  dona  on  fila 


CFPAi-v. 

:  .lEYEF 
33  i  A 

•his  analysis  incluaas  and-Tin  afTsct 
Tharnal  conductivity  •  (y/n.X! 

Insida  dianatar,  Ci  •  12.73 

Qutsida  dianatar  .  Co  »  J3.33  <nn) 

This  analysis  usas  tha  CUftRT:  THESncnSTER  ^[^ainas 

ihodlTiad  Patuiihov-Pooov  coafTiciant  =  i..3wiB3 

Usino  HErtTEX  insart  ins  Ida  tuba 

Tuba  Enhancanant  ■  RECTANSCLAF  rlNNEC  iwoc 

Tuoa  natarial  :  3TAINLE33-3TEEL 

Prassura  condition  :  ATilCSPHERIC 

Nussalt  tnacry  is  usad  for  Ho 


Cl  (basad  on  PatuKhov-Pobov )  • 

Aloha  ibasad  on  Kussalt  (Tdal)/  *  3.3S3i. 
Ennancanant  <d)  *  !'I?1 
Enhancanant  'Oal-T)  • 


Gat  a 


(m 

3 

4. 

S 

s 

7 
3 
3 
:3 
)  I 


I  4 


VU 

(n/3  / 
i.3S 
3.32 
3.23 
2.7S 

;  .S3 
i  .!S 
t  .!S 
t  .33 

4m  • 

3.23 

3.3t 


Uo 

{«/n"2-K> 

S.733E+a3 

S.S27£+a3 

3.S4S£^33 

3 .344£'^33 

S.i tG€+83 

S.77?S>«3 

S.27SS+33 

S.232S+33 

S.323S+03 

S.522E+33 

S.373E+33 

3.3^  5 £+33 

3.S73E+33 

3.773E+33 


Ho 

{U/n*2“f<  4 
J .2S4E+34 
1 .2723+®- 
t  .334E+aA 
5 .3a3E+«4 
t .33? £+3* 

? .362E+34 
?  .i38£+34. 

; .a42£+34 
i .333E+3A 
1 .33SE+B4 
l.3?3E+34 
.237E+84 
.232E+34 
.2S3E+S4 


Go 

{U/«*2) 
S.23SE+3S 
S.233E+3E 
S.?33£+3S 
4.3S3E+3S 
4.743E+3S 
4.47SS+8S 
4.3468+33 
4.3S3S+3S 
4.St4E+3S 
4.74SE+3S 
4.3B2E+8S 
S.3SSE+3S 
S . ; 44E+3S 
5.223E+35 


(0) 
4?  .33 
43.37 
33.33 

37.83 

35.83 

32.83 
23. ?3 
23.;: 

a  A 

au  * 

37.  S3 
33.23 


4; .  13 


Laast-souaras  lina  for  o  *  a*dalta''T  b 
a  »  3,2S72£+«4 

0  »  7.3a®fl€-«? 


{C> 
33.74 
133. 13 
133.?  1 
133.33 
133.33 
133.13 
33.35 
33.37 
133.15 
133.31 
133.2S 
33.37 
33.33 
33.33 


MOTE:  14  data  ooints  uara  storad  in  fila  331 A 
f«OTE:  14  X-y  pairs  wars  storad  in  data  file 
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NOTE:  Program  nama  ;  CRPALL 

Gata  taKan  Oy  :  iiEYER 

This  analysis  dona  on  ft  La  :  33SA 
This  analysts  tncluoas  and-ftn  affact 
Tharmal  conductivity  *  it. 3  <U/n.K> 

Instda  diamatar,  Ol  •  12.73  (mn) 

Outsida  dianatar.  Go  •  t3.33  <mm; 


This  analysis  usas 

the  quart: 

THERMCnETER 

raadings 

Jlodifiad  PstuXhov- 

Popov  coafficiant  »  2 

.5333 

Using 

HEATEX  insart  ins  Ida  tuba 

Tuba  Enhancanant 

;  RECTAMSULAR  FIKKEG  T 

USE 

Tuba  natarial 

;  STAINLESS 

Prassura  condition 

:  ATMCSPHER 

XW 

Nussalt  tnaory  is 

usad  for  Ho 

Cl  (daaad  on 

1  PatuXhov-Popov )  •  2 

.7335 

Alpha 

(basad 

on  Mussalt 

<Tdal)»  *  t 

.1513 

Enhancanant 

<Q> 

«  1 

.533 

Enhancamant 

<Gal-T) 

«  1 

.355 

Gata 

Vu 

Uo 

HO 

Co 

Tcf 

Ts 

* 

(n/s) 

<U/n-2-K) 

<«/«'2-K) 

<U/n*2} 

<C) 

(C 

\ 

4.3S 

7.S23E+33 

1  .SI3E+34. 

5.383E+3S 

33.83 

33.83 

2 

3.32 

7.432E+33 

1 .S32E+34 

5. 3885+35 

33.31 

33.34 

3.23 

7.332e+33 

1 .S53E+34 

5. 7535+35 

38.33 

33.34 

4. 

2. 73 

7.132E+33 

1 .817E+34 

5. 3585+35 

34.33 

133.33 

5 

2.23 

S.3!SE>33 

1  .S36E+34. 

5.3525+35 

33.55 

33.35 

S 

1.73 

3.tSIE-i-33 

1 .847E+34 

S.384E+8S 

33.74 

130.37 

7 

1.17 

5.338£^33 

1 .7585+84 

4.5355+35 

28.17 

133.38 

3 

1.17 

S.3}3€i-33 

1 .7S1E+34 

4.8305+35 

28.12 

133.38 

3 

1 .73 

3.473E+33 

1 .6S3E+34 

5.3S4E+35 

33.52 

33.38 

13 

2.23 

3.3745+33 

1 .S23E+34 

5.433E+35 

33.14 

33.75 

1 ! 

2.73 

7.1S3E+33 

1 .S13E+34 

5.8535+35 

35.33 

33.83 

12 

3.23 

7.338e+33 

1 .S72E+84 

5.334E+3S 

38.33 

133.35 

13 

3.32 

7.S23e+33 

1  .S73E+34 

5. 35 15+35 

37.33 

1 33 . 33 

U 

4.. 35 

7.S77E+33 

1  .S83E+34. 

8.3725+35 

33. -73 

133.18 

Laast-sguaras  Itna  for  a  *  a»dalta-T*s 
a  »  3.333Z£>3a 
d  *  T.sawe-a* 


NOTE:  data  points  uara  storad  in  ftla  S3SA 

MOTE;  ta  X-Y  pairs  uara  storad  in  data  fila 
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APPENDIX  E.  -  nMCERTAINTY  ANALYSIS 


Vfhen  taking  experimental  measurements,  error  is  always 
introduced.  Though  great  care  was  used  to  ensure  the  accuracy 
of  the  data  taken,  there  is  no  such  thing  as  perfectly  exact 
measurements.  While  the  error  introduced  by  any  one  particular 
measurement  may  be  small,  the  cumulative  error  introduced  by 
all  the  measurements  may  become  quite  large. 

Uncertainty  is  defined  as  the  estimated  difference  between 
the  actual  measured  value,  and  the  calculated  one.  Kline  and 
McClintock  [Ref.  12]  developed  a  method  to  determine  the 
uncertainty  of  an  experimentally  derived  value.  This  value  V, 
which  is  a  function  of  many  measured  quantities  ie,  V  » 
V(x,,X2,X3, . .  .x„) ,  has  an  uncertainty  given  by  the  formula: 


(30) 


Where: 

Uy  =  the  uncertainty  in  the  dependant  variable 
x^,X2>...x„  =  the  measured  independent  variables 
U, ,U2,...U^,  *=  measured  variable  uncertainty 

Georgiadis  [Ref.  13],  gives  a  complete  description  of  the 
uncertainty  analysis  used. 
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The  uncertainty  analysis  program  used  is  given  in  this 
Appendix  along  with  examples,  and  was  a  revision  of  Cobb's 
[Ref.  8]. 


Ill 


CATfl  FOR  THE  UNCERTAINTY  ANALYSIS: 


Ft  13  Nana:  ouia 

Frssaura  Gonoiwiun:  Uacuun 

Uaoor  Tancaratura 
Uatar  Flow  Rata  '“5 
uatar  Ualocitv 
Haat  Flux 

Tutjd-natai  tharnai  conjluc. 

P3i‘xMuv-PopO'«  canatant 


a  43.533 
a  33. S3 
a  4. 34 
a  3.3S3£tS5 
a  333.3 


*  rSm  m,  ' 

\  ucy  W  I 


(U/n.K  > 


UNCERTAINTY  ANALYSIS: 


UARIASLE 


PERCENT  UNwERTAINTY 


nas3  Fla-  Rata.  Na 
Raynolua  Mun&ar ,  Ra 
Haat  Flux ,  a 
Laa-fiaan-Tan  CITY ,  LrtTD 
Wall  RaaistaTica,  Rw 
Ovarall  H.T.C..  Uo 
Watar-Side  H.T.C. ,  Hi 
waDOJ'‘*3iaa  H.T.C. ,  Ho 


3.33 
: .  t ! 


k  •  J  r 

.97 
3 .92 
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DATA  FCR  THE  ‘JNCERTAINTY  ANALYSIS: 


Ft  La  Nana:  C‘J12SR 

Praasura  Condition:  Vacuum 
Vapor  Tanparatura 
vjatar  Flow  Raia  v*! 
watar  VaLocity 
Haat  Flux 

Twpa^natal  tnamai  conouu# 
Pat'xnov-Popov  conatant 


=  43.713 

*  3C.33 

=  4,35 

a  r.3S3E+SS 
a  353.3 
a  2.3753 


\  u«y  w  > 

V  in/  a  ' 

(V/n* 

<  V/n. 


VNCSRTAIMTY  ANALYSIS: 
VARIABLE 

Naao  FLOw  Rata,  Nd 
Raynolda  Nunnar .  Ra 
Haat  Flux,  d 
LOQ—Naan—Tan  CiTf ,  LftTO 
Uall  Raaiatanca,  Ru 
Cvarali  H. T.C. ,  Uo 
uatar-Sida  H.T.C. ,  Hi 
Vapor-3 Ida  H.T.C. ,  Ho 


PERCENT  'JN*CERTAINTY 

3.33 
1  .35 
1  .  ts 
.71 
4. 2» 

1  .36 
.55 
3.33 
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7C 


CATft  FCR  THE  UNCERTAINTY  ANALYSIS: 


Ft  Is  Nan*:  CUTS 

Frassura  Condition:  Vacuun 

Uaoor  Tancanatura 
Uatar  FLou  Rata  tS) 

Uatar  Uatocitv 
Haat  Fiu'x  - 

Tube-natal  tnarnai  conduc. 
PatKnov-Fooov  constant 


*  43.577 
>  33. 3« 

a  4.37 

*  3.73SE+3S 
»  333.3 


( Cag  C ) 

( n/s ) 
<U/n*2  5 
(U/n.X ) 


UNCERTAINTY  ANALYSIS*. 
UARIASLE 


PERCENT  UNCERTAINTY 


Mass  Flovij  Rata,  !ld 
Raynolds  r4unoer.  Ra 
Haat  Flux ,  q 
Lag-fiaan-Tan  Otf  f  ,  LftTO 
vsall  Rasiatanca,  Ru 
Overall  H.T.C. .  Uo 
Water-Side  H.T.C. .  Hi 
UaDor— Side  H. i .w. ,  Ho 


3.33 
!  .33 
t  .13 
.78 
4.24 
t  .41 
.34 
3.13 
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OftTA  FOR  THE  UNCERTAINTY  ANALYSIS: 


Fila  Name:  CUE 

Praasura  Condition:  Vacuum 
Vaoor  Tamparawure 
Uatar  FIou  Rata  (*) 

Vatar  Valocitv 
Heat  Flux 

TuOa-matal  thermal  conduc. 
Pat'xnov-Pooov  constant 


*  i3.S73 

*  33 . 33 

»  i.37 

»  3.333E+3S 

*  333.3 

a  2.3Ui 


t 

\  uey 


V 

W  t 


tm/3  5 
(U/m*2  J 
( V  /  m  •  ) 


UNCERTAINTY  ANALYSIS: 


VARIABLE 


snCwioi  uiiucn  I  rtiii  I  T 


Naas  Flow  Rata,  ns 

3.33 

RavnolSa  Numoar ,  Ra 

t  .33 

Haat  Flux,  0 

1 .2i 

LoQ-tlaan-Tam  OlTf .  LfITO 

.33 

viall  Raaistanca,  Ru 

4.24 

Overall  H.T,C. ,  'Jo 

1  .43 

•Jater-SiSa  H.T.C. ,  Hi 

.34 

Vaoor-Siua  H.T.C. ,  Ho 

S.I3 
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OATA  FOR  THE  *jr4C£RTAIMTY  ANALYSIS; 


Fils  Nama*.  CUSMT 

Prassura  Condition;  ‘Jacuun 
Vaocr  Tanoaratura 
Watar  FIou  Rata  tS) 

Uatar  ValociVy 
Haat  FLuu 

TuOa-natal  tharmai  conduc. 
Pat'Ancv-Poaow  conatan-t 


a  43.372  JOao  C 

«  33. 

»  4.37  ( ffl/ 3 ) 

»  2.S23e+3S  -tW/n* 

a  333. 3  <W/n. 


2.3333 


CriCSRT  A I NTY  Af4ALYS  1 3 : 


UARIA8LE 


PERCENT  UNCERTAINTY 


rta33  Flow  Rata,  ftd 
Raynoida  N'un&ar ,  Ra 
Haat  Flux,  o 
Log-ttaan-Tan  Olf* ,  LilTO 
Uall  Rasistanca,  Rw 
Ovarall  H.T.C, .  Ua 
Watar-Sida  H.T.C. ,  Hi 
Vaoor-Slda  H.T.C.,  Ho 


3.33 
!  .33 
1  .45 
!  .  1 2 
4.24 
t  .33 
.34 
3.75 
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X  rj 


CATA  FOR  THE  U?4C£RTAINTY  ANALYSIS: 


FUa  Mana:  CUISA 

Praaaura  Conuition:  AtinoapAaric 
Vacor  Tanoaratura  * 

Water  Flow  Rata  <515  * 

Water  Ualocity  * 

Haat  Flux  “ 

Tuoa-metal  trtarnal  oonduc.  *  3 
Patinov-Fooov  constant  » 


(535  5i?a5 


33.33 


5 .334S+36 
33.3 

3.5373 


<  CeQ  C 

( «/  a  > 
(W/n*2  5 
( U/ M . K  5 


5jr«:£RTAINTY  ANALYSIS; 


WAftIASL£ 

Mass  Flow  Rata,  fid 
Raynolda  Nupoar,  Re 
Heat  Flux ,  d 
LoQ-ilaan-Tan  Ol?' ,  LrtTO 
Wall  Raaiatanca.  Ru 
Overall  H.T.C. ,  Uo 
watar-Sida  H.T.C. ,  Hi 
Vapor-Sida  H.T.C,,  Ho 


PERCENT  tJN'CERTAIKTY 

3.35 
5 .53 
.35 
.25 
4.24 
.38 
5  .33 
5  7.36 
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DATA  FOR  THE  UMCERTAINTY  ANALYSIS: 

Fll»  Nana:  CUtZSA 

Praisura  Condition:  AtJiGsonaPio  <t3i  ‘*Pa/ 


Uaoor  Tanparatura 
Uatar  Plou  Rata 
Uatar  L'alocity 
Haat  Flux 

TuPa~natal  tharnal  conduo. 
P at ‘xnov -Popov  oonatant 


L*N*C£RTAINTY  ANALYSIS: 
•JAR  I  ABLE 

ilaaa  Flow  Rata,  nd 
RaynoUa  Nundar  ,  Ra 
Haat  Flux ,  q 
LoQ-ftaan-Taa  OlfY,  LflTC 
UaU  Ratiatanca,  Ru 
Ovarall  H.T.C. ,  Uo 
Uatap-Sida  H.T.C. .  Hi 
Vaoor-Stda  H.T.C. ,  Ho 


m 

‘.33.344 

(Caq  < 

s 

33.33 

s 

a 

^ 

( n/3  / 

s 

:  .:57£+3S 

rj/n*2 ) 

3 

333.3 

(U/m.K } 

«  3.2334 

PERCENT  •JN'CSRTAINTY 

3.33 
;  .14 
.35 
•  22 
4.24 
.38 
.33 
{5.32 
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CATA  FGR  TH£  W^CSRTAIMTY  Af4ALY3l3: 

FiLa  Nan*:  C'JTSA 

Prassurs  Canal*. ton:  Atwosananc  <  tCJ  UPa) 


Vapor  Tanoaraiura 
Watar  Flow  Rata  '-5 
Watar  Valocity 
Haat  Flux 

Tupa-«atal  tnarnal  conOuc. 
Patiirto’^-PoDOv  constant 


CKCSRTAINTY  ANALYSIS: 
VARIABLE 

naas  Fiou  Rata,  nd 
Raynoids  Nuaaar .  Ra 
Haat  Flux ,  Q 
Lao-ftMA-Taa  Oiff,  LfiTC 
uall  Rasiatanca,  Ru 
Ovarall  H.T.C. .  Uo 
uatar-Stdi  H,T.C, ,  Hi 
Vapor-Sida  H.T.C..  Ho 


a  33.735  (Gag 

a  3C.3C 

a  i.34.  «n/3; 

-a-  :.i7S£+a6  (u/n* 

a  333.3  <y/n. 

a  2.3237 


£RC£NT  LNCERTAiriTY 

3.33 
t  .12 
.35 
.24 
4.24 
.38 
.38 
i2.7S 


fJ  X 


CATA  FOR  THE  UNCERTAINTY  ANALYSIS: 


Fll»  Nan«:  CwSA 

Rrasiura  Conaittan:  Atmosahft''ic  i'Z'i  '<?%) 

Vaoor  Tanaaratura  *  ! 02. 106  (Oag  O 

Uatar  Flow  Rata  (X)  *  30.02 

Oatar  ‘Jalocity  •  -.34  (n/ai 

Haat  Flu-x  *  1.U2E+08  (U/n* 

Tu&a-natal  tnarnal  canouc.  *  330.3  tu/n. 

Patxnov-Popov  constant  *  2.7133 


uncertainty  ANALYSIS; 


VARIABLE 


r^Auci'* )  ui'iwCA  I  n  I  T 


Rasa  Flaw  Rata,  rts 

0.30 

Raynolas  Nunoar ,  Ra 

a  a  9 
(  a  1 

Haat  Flux .  q 

.38 

LoQ-flaan-Tap  GtTf,  LRTC 

.24 

Wall  Rasistanca,  Ru 

Cvarall  H.T.C. .  Uo 

.33 

uatar-Stda  H.T.C. ,  Hi 

.33 

Vaoor-Sida  H.T.C.,  Ho 

10.03 

r  j  y: 


SATA  PGR  the  uncertainty  ANALYSIS: 


Fils  Nam*:  CUStlTA 

Prtsaurs  Condition:  Atnospnaric  itGi  ttPa  5 
Uador  Tsmcaratur*  »  J®0.3T3  <0*8  C 

Watar  P1o<m  Rat*  vS)  ^  33«33 

Uatar  Ualocity  »  i.3S  'm/s) 

H*at  PlUA  »  S.4S3E+35  -iU/m* 

Tuda-matai  tnarmal  conduc.  *  333.3  (U/m. 

PatiihCN^-POdov  constant  ■*  2.3.433 


UNCERTA INTY  ANALYS I 3 : 

UAR2A8LE  PERCENT  uncert  a imty 

nasa  Flou  Rata,  rid 
Raynolds  r^umdar ,  Ra 
Haat  Flux,  d 
Loa-Nsan-T*m  Cif T ,  LftTC 
Viall  Rasi stand*,  Ru 
Ovarail  H.T.C. ,  Uo 
«*t*r-Sida  H.T.C. ,  Hi 
y*por-3ld*  H.T.C. ,  Ho 


3.33 
{  .13 
I  .32 
.43 

a  ^4 

•••  4** 
1.11 
.38 
2.38 
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f  j 


CATA  FOR  THE  UNCERTAINTY  ANALYSIS: 


FiU  Nan*:  ALSS 

Prss3ura  Canal* ton:  uacuun 

Uapor  Tanoaratura 
Uaiar  Flou  Rata  \X'i 

uatar  Ualocity  _ 

Haat  Fluvc 

Tuba-matal  tharmal  conduc. 
Patiihov-PoMOv  conatant 


»  43.353 

3  30.30 

»  4.3B 

»  3.33SE+0S 

»  235.8 
*  2.3375 


(Cag  C 
t?4/a ) 

(y/n* 
(U/n. 


UNCERTAINTY  ANALYSIS: 
UARIA8LE 

rtaaa  Flaw  Rata.  NO 
Raynoiaa  Nunoar .  Ra 
Haat  Flux,  a 
Lag-fiaan-Tan  OifT,  LNTC 
Wall  Raaiatanca,  Ru 
Ovarail  H.T.C. .  Uo 
«atar-Staa  H.T.C. ,  Hi 
yapon**Staa  H.T.C. .  Ho 


PERCENT  UNCERTAI54TY 

0.30 
5  .33 
I  •  1 7 
•  72 
3.35 
5  .33 
.35 
3.75 


>c  n 


DATA  FCR  THE  UNCERTAINTY  ANALYSIS: 


Fila  Nana:  ALlZS 

Rraaaura  Condi* ion:  Vacuum 

Vapor  Tancaraturs 
Uatar  Flow  Rata  iX) 

Uatar  Valocitv 
Haat  Fluvi 

TuPa-natal  tharnal  conduc. 
Fat'i^nov-Popov  conatan'w 


•»  i3.S73 

*  33.  SO 

®  i.  3S 

»  w.ooic^-eb 

—  nir  •  A 

^  I  *o 

«  4  *  ^ 


i Cao  C / 

I  n/3  ) 

(y/«*2 ; 

\ W/n . K  ) 


Uf^CERTA INTY  ANALYSIS : 
VAR I ABLE 

rtaaa  FIgmi  Rata,  Nd 
Raynolda  Nunoar ,  Ra 
Haat  Fiuv< ,  q 
LOQ-ftaan-Tan  Qlf  f  ,  LNTC 
vtal.l  Rasiatanca,  Ru 
OvaralL  H.T.C,,  Uo 
uatar-Sida  H.T.C. ,  Hi 
Vaqor-Slda  H.T.C. ,  Ho 


PERCENT  UNCERTAINTY 

3.33 
:  .38 
t  .23 
.73 
S.3S 
i  .4.3 
.35 
S.A7 
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DATA  FGR  THE  UNCERTAINTY  ANALYSIS: 
Fila  Nana: 

Praasura  Condition:  Uacuum 

vaoor  Tanoaratara 
Uatar  Flow  Rata  iX) 

Uatar  Valocity  _ 

Haat  Flux 

Tuda-natal  tnarwal  conduc. 
Patiinov-Poocv  constant 


uncertainty  ANALYSIS: 

UARIABLE  PERCENT  U.*4CERTAINTY 


Nass  Flcu  Rata,  Nd 

8.38 

Raytiolds  Nunoar .  Ra 

t  . !  i 

Haat  Flux,  d 

1  • 

LOQ^Naan—Tan  OlTT,  LflTC 

.3*1 

uall  Rasistance.  Ru 

S.3S 

Ovarall  H.T.C. ,  Uo 

!  .  47 

Watar-Sida  H.T.C. ,  Hi 

.37 

Uapor-Sida  H.T.C.,  Ho 

7.38 

3C.SC 

4.34 

3.433E+8S 
23t  .3 

»  2.S333 


V  uoQ  w / 


(  W/5  ) 

(  W/ Z  ^ 
(  «i/ W  •  K  ) 


QftTft  FCR  THE  UKGERTAIMTY  ANALYSE: 


Fvu  Man*:  ALTS 

Rraasura  Cana it  ion:  Vacuum 
Vapor  Tamparatura 
Uatar  Flou  Rata  \X) 

Uatar  Valocitv 
Haat  Flu'x 

TuPa-natal  tnarmal  oonauc. 
?att(.nov-?upov  conatant 


*  ( CaQ 

*  33. 3« 

«  4.37  <m/s) 

*  3.332£^3S  CV/m*3) 

i  t  t  J  mgL  ^  \ 

^  *  •  o  \  if\  ,l\  i 


ui^StfCA  I  n.ai't  <  1  nNnuTJii* 


VARIABLE 

!ia33  ru-«)  Rata,  rid 
Ravnolds  Numdar ,  Ra 
Haat  Fluvc ,  0 
L0Q-«aan-Tam  Oiff  ,  LMTC 
Wall  Raaiatanca,  Ru 
Ovarall  H.T.C. ,  Uo 
uatar-Sida  H.T.C. .  Hi 
Vapor~3ida  H.T.C. ,  Ho 


•  CAwCt'i  1  ui'iwCA  <  n^i't  i  I 

3.33 
t  .38 
t  .2t 
.73 
S.3S 
t  .4S 
.34. 

S » *  7 
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DATA  FOR  THE  UNCERTAIMTY  ANALYSIS: 


FlI^  Nan«:  ALS 

Prasaurs  Condition:  vacuum 
Vapor  Tamperatura 
Uatar  Flow  Rata  i%> 

Uatar  Velocity 
Heat  Flux 

Tupa-matal  tnarmal  canduc. 
Patk-hov-Popcv  Gonatant 


»  i3 . 3s: 

=  3S.SO 

•  •*  I 

s  3.323£+aS 
»  23;. 3 


V  CeQ  C 
.  m/  3 ) 
;y/m.K  > 


UNCSRTAI.NTY  ANALYSIS; 


VARIABLE 


PERCENT  UNCERT A I NTY 


naas  Flaw  Rata,  ftd 

3.30 

Raynolda  Number.  Re 

;  .38 

Heat  Flux ,  a 

t  « 

LoQ-Naan-Tam  GiTf,  LftTC 

.34 

Wall  Real stance,  Ru 

5.35 

Ovarall  H.T.C. ,  Uo 

1  .52 

Uatar-Side  H.T.C. .  Hi 

.34 

Vapop-Sida  H.T.C.,  Ho 

4. 37 

OftTA  FOR  THE  UNCERTAlr4TY  ANALYSIS: 


Ftl3  Nana:  ALSNT 

Praasura  Confiition:  vacuun 

Vapor  Tanparatura 
Watar  Flou*  Rata  v«5 
wiatar  Valocity 
Haat  F  I'ux 

T'liio a“*nax a  1  trtarna^  conouc* 
Pat xHuv'^Popov  conatanw 


43.733 

33.33 

(Cag 

^  m  ^  t 

(n/3  / 

2.S53E+3S 

<U/n*2 

;3i  .3 

( u  /  n .  X 

^  .  JwO«/ 

UNCERTAINTY  ANALYSIS: 
VARIABLE 

Mass  Flow  Rata,  flu 
Ravr>ol33  Nunoar ,  Ra 
Haat  Flux ,  q 
LOQ'"flaari“Tan  OlTf ,  LNTC 
uall  Raaiatanca.  Ru 
Cvarall  H.T.C.,  Uo 
Uatar^S iqa  H.T.u« ,  Hi 
Vapor  ""Si  Pa  H.T.C, ,  Ho 


PERCENT  UfiCERTAINTY 

3.30 
t  .38 
I  .  4S 
{  .13 
S.3S 
t  .34 
.34 
3.33 
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OftTA  FOR  THE  UNCERTAINTY  ANALYSIS: 


Fila  Nana:  ALSSA 

Prs33ura  Condittun:  Atnospnari 

Uaoor  Tsnoaratura  = 

Uatsr  FI  Owl  Rata  ~ 

Uatar  Velocity  “ 

Heat  Flux  * 

Tuba-natal  tharnal  conauc.  = 
Pat'xnov-Rooov  constant 


c  ( i  3 1  icPa  ? 
S3 . 3S: 
33.33 

4 

•  I 

*  •  ' 


<Oao  C) 

(n/s  / 
(U/n'* 

{ U  /  n . 


UNCERTAINTY  ANALYSIS: 
VARIABLE 


PERCSr 


IN 


'PW 
I  i 


>1333  Flou  Rata,  !ia  ®-3’ 
Raynoias  Nunoar  ,  Ra  i.tS 
Haat  F lux  ,  a  *38 
Lag-rtaan-Tan  Giff,  LrtTO  .25 
Wall  Rasi stance,  Rw  5.35 
Overall  H.T.C.,  Uo  *35 
Uatar-Sida  H.T.C. ,  Hi  5.33 
Vaoor-Siaa  H.T.C. ,  Ho  52.3* 
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rJ  sc 


GATA  FOR  THE  GNCSRTAINTY  AWALY3I3: 


Ftli  Nana*.  ALiSSA 

?ra33ura  Condition:  At»03uhar 

vapor  Tamoeratura  * 

Viatar  i*lo>ii  Rata  * 

uatar  valocity  “ 

Haat  Fiu'x  ~ 

Tuoa-watal  tnarnal  oanduc.  * 

Fatitnov“Fopov  aonatant 


1C  {t3t  itPa/ 
!S3. !7i 
33.33 

1 .3i3S+3S 
)  •  o 


V  OaQ  C 

in/ a  ) 
iii/n' 
Vd/n. 


uncertainty  analysis : 

•v'ARIASLi 


»£RC£NT  UNCERTAINT' 


Mass  Flow  Rata,  Nd 
Raynoida  Nunoar ,  Ra 
Haat  Flux,  0 
Loa-Naan-Taw  OlTT,  LNTO 
Wall  Rasistanca.  Su 
Ovarall  H.T.C. ,  Uo 
Watar-Slda  H.T.C.,  Hi 
Wauor'“Slda  H.T.C.  ,  Ho 


3.83 


.36 

•  4  / 

S.35 
!  .33 
.38 

•  to 
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?c  r-J 


DATA  FOR  THE  UNCERTAINTY  ANALYSIS: 

Fila  Nam«:  ALtA 

Prsssura  Condition:  Atnosonsric  i\Z\  IcPa; 


V/'apor  Tanparatura 

S 

! 30. 333 

\  Cap  C 

Uatar  Flow  Rata  (X) 

S 

30.33 

Uatar  Ualocity 

% 

4.3! 

( m/3  / 

Haat  FLu'x 

i  .33OE^0e 

(y/n*2 ) 

TuPa-matal  tharnal  conduc. 

»  Q 

t  •  O 

(U/n.X ) 

P  at  ic.hO'^ -Popov  can  at  ant 

»  Z . 7035 

UNCERTAINTY  ANALYSIS*. 

VARIABLE 

PERCENT  UN'CERTAINTY 

Naaa  Flou  Rata,  r.a 

3.3! 

Raynolda  NunPar,  Ra 

!  .13 

Haat  Flux ,  d 

.37 

Lap-Maan-Ten  Olf f  ,  LNTC 

.28 

uall  Rasistanca,  Ru 

S.38 

Cvarall  H.T.C. ,  Up 

t  .00 

uatar-Sida  H.T.C. ,  Hi 

!  .03 

Vapor-Sida  H.T.C. ,  Ho 

3.48 
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CftTA  FOR  THE  UNCSRrAIMTY  ANALYSIS: 


FI I a  Name:  AL7SA 

Praasura  Condition:  Atnoaanar 

■v'aoor  Tanqaratura  * 

Watar  Flow  Rata  <*>  * 

Uatar  v/alocitv  * 

Haat  Flux  * 

Tutia-«atal  tnarnal  oonduc.  * 

Pat‘<.nuv~P300v  oonatant 


1C  <531  kPa) 
133.337 
33.33 
4.3A 

3.3i7S+3S 
‘  23*.  .3 
»  2.37S3 


(Oas  C) 


:  m/3  ) 

<y/v 

(li/M. 


UNCERTAINTY  ANALYSIS: 
UARIAELE 


PERCENT  UN*CERTAINTY 


Mais  Flow  Rata.  Nd 
Ravnolds  Nunoar .  Ra 
Haat  Flux,  q 
woa-Jitan-Tam  OiT?.  tllTC 
Wall  Rasistanca,  R« 
Ovarali  H.T.C. ,  ‘Jo 
Uatar^Slda  H.T.C.  .  Hi 
Vapop-Sida  H.T.C.,  Ho 


3.33 

I  •  1 2 

.37 
.23 
S.3S 
;  .3! 

.33 

S.22 
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CftTfl  FOR  THE  UNCERTAISTY  ANALYSIS; 


ALSA 

Atnospnaric  (!3i  icPa) 


FUa  Nana: 

Fra a sura  Canal *  ion: 

Vaoor  Tsnoaraturs 
uatar  Fiou  Rata  (*: 

Uatar  Valocity 
Haat  Flu'x 
Tuba-natal  tharnal  aanduc 
PatKnov-PooQv  conatant 


^  ■ t  TS  V  OaQ 

a  33.03 

*  4.3S  <«/$> 

»  7.71SE+3S  (U/n* 

*231.3  tU/n. 

»  2 . 34.i3 


•jr4C£RTAINTY  ANALYSIS: 
L'ARIAaLE 

naas  FUu  Rata,  •na 
Raynoiaa  r^unoar ,  Ra 
Hoat  Flux .  q 
Laa-flaan-Tan  Qlff ,  LftTO 
Wall  Rasistanca,  Ru 
Cvarall  H.T.C. ,  Uo 
watar-Siaa  H.T.C. ,  Hi 
Vaqar-Siaa  H.T.C. .  Ho 


PERCENT  •jr4C£RT  A I NTY 

3.33 
i  .  13 
.33 

a  W  < 

5.35 

1 .36 
.36 

2.97 


M 


CATA  FOR  the  'ONC£RTftIt4TY  Af4ALYSI3; 


FlU  Ma»»: 

Frassura  Condition:  Vacuum 

Vaoon  Tamoaratura 
Vatar  Flow  Rata 
Uatar  Vaiocitv 
FIU'a 

Tuna-waial.  tharnal.  conduc. 
Pat&nov-Pooov  oonstant 


*  1.3. 3S3 
s  33. 3« 

X  4.3s 
a  Z . 334e+3S 

*  S3  *3 


lu«g  C/ 

i  Pi/ S  ) 

*  II  /  A  *  ^  t 

\  M#/  R  W  / 

(U/m.X ) 


UflCERTAINTY  ANALYSIS; 
VARIABLE 

nasa  Flou  Rata,  nd 
Rtynolda  Numoar .  Ra 
Haat  Flux,  q 
LoQ-fiaan-Tan  Oiff.  LfiTC 
uall  Rasiatanca,  Ru 
Ovarall  H.T.C. ,  Uo 
uatar-Sida  H.T.C. ,  Hi 
Vapor-Sida  H.T.C.  ,  Ho 


PERCENT  uncertainty 

3.33 

;  .38 

t  .34 
.37 
3.73 
]  .SS 
.35 
S.3Z  ’ 
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CATA  FOR  THE  UNCERTAINTY  ANALYSIS: 

Fils  N«n«:  ALSMTA 

Prassura  Canaition:  Atncspnaris  {:3t  iiPa) 


Vapor  Tanporatura 
Uatar  Flow  Rata  iH) 
uatar  Valoctty 
Haat  FLu'a 

Tuoa-natal  tnarnal  csnpuc. 
Pat‘*no'^-Papo-w  constant 


UNC£RTAlr4TY  ANALYSIS: 
VARIASLE 

Nass  Flow  Rata,  fid 
Raynolds  Nunbar,  Ra 
Haat  Flux ,  0 
Log-iiaan-Tan  QlTf,  LftTS 
Uail  Rasistanca,  Ru 
Ovarall  H.T.C. ,  Uo 
Watar-Sida  H.T.C. ,  Hi 
vapop-Siaa  h.t.c. ,  mo 


•  ss.aas  toap 

«  30. sc 

»  4..3S  fn/5) 

»  S . !  oSE'^SS  {U/n** 

»  231.3  <W/n. 

»  2.37S1 


ERCENT  UNCERTAINTY 

0.30 
j.ta 
1  .03 
.46 
S.3S 
1.13 
.36 


CftTA  FOR  the  UtJCERTfMMTY  ftNALYSIS: 


Fils  Mams;  Cr4tft 

Prassurs  Condition;  Atmosonano  (tSi  iPs/ 


vaoor  TanoaratuPs 
Uatar  Flou  Rata  'X) 
uatar  valocitv 
Hast  Fluv( 

TuOs-matal  tnapmal  conduc. 
Patxnov-PoGOv  oonatant 


uncertainty  ANALYSIS; 
UARIA8LE 

fiaaa  Flou  Rats,  fid 
Raynolda  r^unoar,  Ra 
Hast  Flux ,  q 

OlfT,  LfITO 
uall  Raaiatanes,  Ru 
Ovarall  H.T.C. .  Uo 
Uatar-3ida  H.T.C. .  Hi 
Vapor-Sida  H.T.C. ,  Ho 


«  1 JK5 .  i  3 :  '  caQ 

*  3«.3« 

a  i.33  {m/s> 

*  3-.3S7E+3E  <U/n* 

*  SS.3 

»  2.3333 


PERCENT  UttCERTAIMTY 

3.33 
I  • '  3 

.38 
.33 
3.73 
t  .3^ 

.33 

5.33 


rJ  2C 


FUS  Nan»: 

Prasaura  Candttton: 
v/aocr  Tanoaratura 
Uatar  Flow  Rata  'X) 
Watar  Valocity 
Haat  Flux 

Tu&a“wa^al  *^iai^wax  c 
Patiihov—Popuv  constant 


!TY  ANALYSIS 

CNJ 

Vacuun 

a 

43.835  'vQaQ  C 

a 

33.33 

a 

4.38  (fl/sJ 

a 

Z.738E+3S  rv4/»*2  5  ■ 

iduc. 

a 

S3. 3  <W/n.!<> 

^ • O  <  QC 


iJNC£RTAir4TY  ANALYSIS: 
UAftlASLS 

rtasa  Flow  Rata.  Md 
Raynolda  Nundar .  Ra 
Haat  Flux,  q 
LoQ^Maan^Tan  QiYY ,  LfiTO 
Uall  Raaiatanca.  Ru 
Qvarall  H.r.C. .  uo 
Water-Slda  H.T.C.  ,  Hi 
Vapor-^Slda  H.T.C. ,  Ho 


r cKucu  I  Wl’iuwrt  I  n  )  < 


3.3« 
?  .33 
!  .38 
;  .W 
3.78 
;  .83 
.3S 
5 .34 
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DATA  FOR  THE  UNCERTAINTY  ANALYSIS: 


Fils  Naws:  CNTaR 

Praasupa  Canaition:  Vacuun 
Uaoor  Tanoaratura 
Uatar  Flow  Rata  <S5 
uatar  UaUcitv 
Haat  Flu'x 

Tuba-watal  tnarnal  canduc. 
Patkhov-PGOOv  constant 


*  43.733 

«  33.3^ 

»  4.37 

«  :.3:3£+as 

*  S5.3 

*  :.713S 


tCas  C 
infs) 

/  I  I  ^  « 

\  ««/  1*1  ^  / 

(14/n.K ) 


UNCERTAINTY  ANALYSIS: 
UARIASLE 


PERCENT  UNCERTA I NTY 


rtass  Flow  Rata.  Nfl 

3.33 

Raynolds  Nuntiar.  Ra 

t  .33 

Haat  Flux,  q 

;  .3S 

LOQ-Haan-Tan  OiTf ,  LJITC 

.39 

Uall  Rasistanca.  Ru 

3  •  78 

Cvarail  H.T.C,.  Uo 

.83 

Watar-Stda  H.T.C. ,  Hi 

.34. 

Uaoor-Sida  H.T.C.,  Ho 

S.S2 
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CrtTA  FOR  THE  UNCERTAINTY  ANALYSIS: 


FlLs  N&aa:  CNS 

Pras3ur&  Candi'ti.on:  Uacuun 
Vaoor  Tanoaratura 

3 

i3.32Z 

tOag  C 

Uatar  Fi.au  Rata  <X) 

3 

33.33 

Uatar  Ualoattv 

3 

1.37 

(  !*l/  3  / 

Haat  Flux 

3 

Z.S43E+3S 

\  |>I  U  > 

Tuud'natal  tfiarmal  conauc. 

3 

3a  #3 

Pati;hav-Paaaj  constant 

*  2.7513 

UNCSRTAINTY  ANALYSIS: 

vnn 

PERCENT  UNCERTAINTY 

Naaa  Flau  Rata,  Md 

3.33 

Raynoida  Nunoar ,  Ra 

5  .37 

Haat  Flux ,  c 

!  .  1  i 

Log-rtaan-Taa  Olff,  LJITS 

t  .36 

UaU  Raaiatanca,  Ru 

3.73 

Cv ar all  H.T.C.,  Uo 

t  .76 

Watar-Stda  H.T.C. ,  Hi 

.31 

Uacor-Sida  H.T.C. ,  Ho 

1.37 

138 


QATft  FCR  the  DfiCERTAINTr  AKALYSIa: 


Fils  Nana-. 

Freaaura  Conauion: 
Vapor  Tanparatura 
■  jtar  Fiuui  Rata  <«5 
Uatar  Valootty 
Haat  FLu'x 


CN!SA 

Atnoapherto  <i®‘ 

s  i 86.223 
=  36.66 

=  t.3^ 

»  3.Sli£-^6S 


■  '  Tuba-natai  tnarnal  oonpuc. 
PatXhov-PopQv  conatant 


3S.^ 

a  3.13?i 


V  uqQ  u 


V  v/n . X  / 


UNCE.RTAINTY  ANALY3I3: 
VARIASLc 

rtaaa  FUa  Rata.  Nd 
RaynolOs  NunPar ,  Ra 
Haat  F lux  ,  0 
uOQ-ftaan-Tan  OlfT  ,  'wNTC 
Wall  Raaiatanca,  Ru 
Ovarali  H.T.C..  ‘Jo 
viatar.~3idd  H.T.C. , 
Vapored  da  H.T.C.  .  Ho 


PERCENT  uncertainty 

6.36 

•  *  ^ 

I  •  I 

.37 
.23 
3.73 
I  .6t 
.33 
i6.3t 
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QATft  FCR  THE  ‘JNCERTi^^INTY  ANALYSIS: 


Ft  18  Nifls:  C*47SAR 

Prassurs  Condition:  Atnoaoner 

v/apor  Tawperatura  « 

Uatsr  Flow  Rats  <*1  * 

Uatar  Uaiocitv  * 

Haat  Flux  » 

Tupa-matal  tnarnal  conauc.  = 

Pat iinov— Popov  conatanx 


(10!  iiPa  / 
S3.30i 


7.3SSEi-0S 
55. 3 

*  2.34-3'. 


(Csg  C) 

(m/s  / 
(U/n*25 
(U/n.X  5 


UNCERTAINTY  .ANALYSIS: 
UAftlABLE 

itasa  Flou  Rata,  np 
Ravrtoida  Nunpar ,  Ra 
Haat  Flux,  q 
Log-rtaan-Tan  Qiff,  LffTD 
Wall  Raaiatanca,  Ru 
Ovarall  H.T.C.,  Uo 
!«{atar-3lda  H.T.C..  Hi 
uaoor-Sida  H.T.C. ,  Ho 


PERCENT  UNCERTAINTY 

0.30 
1  AZ 
.33 
.35 
3.73 
t  .35 
.37 
4.30 
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CATft  FOR  THE  LINCSRTAINTY  ANALYSIS'. 


Fila  Nama:  CNSA 

Prassura  Candikiunt  AtAcsprsaric 
Vapor  TaAoaratura  * 

Uatar  Fiovu  Ra»8  (")  “ 

Uatar  VaIoci*v  “ 

Haa-t  Flux  * 

TuPa-natol  ■tnarnal  conCuc.  * 
PaXk*^ov.*Popov  conawant  “ 


y«/m<  }/  O  A  \ 

^  (  o  t  <Cra  / 
<aO  a  /a 

3  5  ,  j 

33. 

4.3S 

7.S22S+3S 


^  A  ^  AT/I 


/  ra.  • 

\ uey  Vrf 

(n/3 ; 

(U/m*2 ) 

\  V  /  ^  / 


UNCSRTA INTY  ANALYS IS : 


variable 

naas  Flow  Rata,  na 
Raynolas  NuAper.  Ra 
Haat  Flux .  q 
LOQ'"NaaA“T’aA  Cl^Y  ,  LftTC 
Uall  Raststanca,  Ru 
Ovarall  H.T.C. ,  L'o 
Watar-Staa  H.T.C. ,  Hi 
Vapor-Staa  H.T.C.,  Ho 


PERCENT  UNCERTAINTY 

3 .33 
t  .t3 
.33 
.37 
3.73 
'  .36 
.36 
« •  36 
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CATft  FCR  THE  ‘JNCSRTfllN'TY  ANALYSIS: 


PlLa  Namft:  SSiS 

Prassurs  Condition:  Uacuun 
'-JaDor  Tanparatura 
Uatan  riou  Rata 
yatar  'valocity 
Haat  Flux 

Tuba'-natal  tnarnal  conduc. 
Fatunov-FQoov  constant 


*  43.38? 

=  33.33 

d  ^"9 
^  J  » 

*  'I  .  7 33S+3S 
a  14.3 

a  1.348? 


<Ca5  G! 

( n/5  > 
<y/n* 
?y/n. 


(JNCS.RTAINTY  ANALYSIS: 


Rass  Flow  Rata,  Md 
Raynoida  r-tunoar,  Ra 
Haat  Flux ,  d 
LoQ-ftaan-TaA  OifY,  LflTO 
Wall  Rasi stance.  Ru 
Cvarail  H.T.C. ,  uo 
Uater-Sica  H.T.G.,  Ml 
yaoor-Sida  H.T.C. .  Ho 


3.33 
?  .37 

1 .37 
?  .S3 

5.37 
2.43 

.34. 

5.33 
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CftTft  FOR  THE  ‘JNCERTftlMTY  /ANALYSIS: 


FiLa  Nama;  S5t 

Praasura  Condition*.  Vacuum 
vapor  Tamparatura 
Watar  Flow  Pat a  v*» 

Uatar  Valocity 
Haat  Flux 

TuPa-matal  tnarnal  oonduc. 
Pat‘<nov-PopoN<  constant 


«  A3. 733 

»  33. SS 

=  A. 35 
»  I.33i£+3S 

»  !A.3 

*  2.1332 


(Caa  C) 

<m/3  / 
(U/n*2 ) 

\ U/ m . K  / 


UNCERTAINTY  ANALYSIS: 


VARIABLS 


» »aa/HC!JTA  TMTY 
PSaCcj'*  ‘  wi’tujirv  I  n i  t 


Mass  Flou  Rata,  lid 

3.33 

Raynoids  r4unoar ,  Ra 

1  .33 

Haat  Flux,  0 

1  .33 

LOQ*''***^"^®*  Oiff,  LilTu 

1  .73 

wall  Rasistanca,  Ru 

S.37 

Qvarall  H.T.C. ,  Uo 

2  .S7 

uatar-Sida  H.T.C. ,  Hi 

.35 

Vapor-Slda  H.T.C.,  Ho 

7.13 
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DATA  FOR  the  UNCERTAINTY  ANALYSIS: 


Fila  Na»»: 

Prasaurs  Condition:  Uacuun 

Vacsor  Tarnparatura 
Uatar  Flow  Rata  (») 

Uatar  Valocitv 
Haat  Flux 

Tuda~watai  tnamal  oonduo. 
PatKnov-Pooov  oonatant 


s 

4 

iGeg  C 

s 

0<i  .  vv 

s 

S  ▼•t 

^  u  1 

1  fl/3  ' 

s 

! .33:E+3S 

\  4*1  f 

s 

»  a  ^9 

1  •  ij 

/  1 1  a  M  ly  3 
i  iiM  /  •  i\  / 

ui'>Uwr\  I  •“  j 


ANALYSIS: 


UARIA3LE 


PERCE.NT  uncertainty 


Naas  Flow  Rata,  fid 
RavT^olda  fMuaoar  ,  Ra 
Haat  Flux,  d 
LOQ-fiaan-TaA  OiTT ,  LflTC 
Uall  Rasiatanca,  Ru 
uvarall  H.T.C.  ,  Uo 
Watap-Slda  H.T.C. ,  Hi 
Uaoor-Sida  H.T.C.,  Ho 


3.33 
t  .37 


.48 


S.37 

:.2S 

.34 

3.34 
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CATA  FSR  THE  ‘vjr4C£RTAir4TY  Af4ALY3I3: 

Nana:  33S 

Rrssaura  Conaitian;  vacuum 


Vaoor  Tanoaratura 

«  43.S3S 

t  ^ 

\  uey  V 

Vatar  Flaw  Rata  <”) 

=  33.33 

uatar  Valccity 

«  t.37 

( n/  3  / 

Haat  Flux  _  . 

■»__  2.334E+3S 

V  M#/  R  / 

Tu&a-natal  tNarnai  conauc. 

«  U.3 

( U  /  rn .  K  / 

Patknov-Poocv  constant 

»  2.3353 

•Jf4C£RTA:r4TY  ANALYSIS: 


VARIABLE 


PERCENT  •Jf4CERTA:f4T 


Nasa  Flow  Rata,  no 

3 . 33 

Raynolds  ‘4un&ar ,  Ra 

\  .37 

Haat  Flux,  0 

t  .63 

LoQ-riaan-Tan  Oiff,  LMTQ 

;  .43 

Uall  Raaistanca,  Ru 

S.87 

Ovarall  H.T.C.  ,  L‘o 

2.13 

viatar-Staa  H.T.C.  ,  Hi 

.34 

Vaoor-Siaa  H.T.C.,  Ho 

3.38 
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CATA  rcfi  THE  IIN'CERTAINTY  ANALYSIS: 


rils  Nana:  SSiSA 

Prs33ura  Condition:  Atnosoharic 

Vapor  Tanqaratura  * 

Uatar  Flow  Rata  iZ)  * 

Vatar  Valocity  * 

Haat  Flu;<  * 

TuPa-natal  tfiarnal  canauc.  * 
Patiinov-Pooov  oonatant  • 


1 1 C  ‘  iiPa  / 
1S8. i27 
33.38 

^  •  >rfO 

S .  ‘•SSc-*'3S 
i « .  3 

2 . 434S 


(Oao  C ) 

<  n/3 ) 

( U/n* 

1  «/m. 


UfiCSRTAINTY  ANALYSIS; 
VAftlASLS 


PERCS 


i  ni,i%  i  t 


naaa  Flaw  Rata,  nd 

3.33 

RavT'oias  Nunoar,  Ra 

• 

1  •  «  J 

Haat  Flux,  a 

» 

1  •  4^  ( 

LoQ-Naan-Tan  CiYY ,  LNTO 

•  S^ 

uall  Rasistanca.  Ru 

3.37 

Qvarall  H.T.C. ,  Uo 

I  .23 

Uatap“S*ia  H.T.C.  ,  Hi 

.35 

Vapor-Sida  H.T.C.,  Ho 

S.4t 
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r  I  3C 


OflTA  FOR  TH£  UNCERTAINTY  Ar4A'uY3:3; 


Fll«  r4an«:  33:2SA 

Pp»s3ura  Conaition:  Atmoapnar 

uaaor  Tanaaratura  * 

Uatar  Flow  Rata  (<•/  * 

uatar  yalocity  * 

Haat  FIua  * 

Tuaa-watal  tnarnal  confluc.  * 

PatWhov-Papov  caristant 


4«  4  •  t 

1C  ^  I  V  I  a  / 

« 

i  a  <>SA. 

20.00 

• .  3S 

S.SiSE+OS 

i4.3 

»  2. 3335 


« uaQ 


/%  t 


w  / 


'  n/a  / 

(y/n* 

<  «/n . 


uncertainty  ANALYSIS: 
VARIABLE 

Naas  Flpu  Rata,  Nd 
Raynolda  Nunoar,  Ra 
Haat  Flux ,  p 
Lao-fiaan-Taa  CifT,  LNTO 
Wall  Rasistanca,  Ru 
Ovarall  H.T.C. ,  Us 
uatap-Sua  H.T.C. ,  Hi 
Vapor-Sida  H.T.C.,  Ho 


PERCENT  uncertainty 

0.30 
I  .03 
;  .OS 

.s; 

S.37 
5  .57 
.35 

f  aOCa 


X47 


fJX 


CATft  PGR  THE  GWESTAINTY  ANALYSIS: 

Fila  Nawa:  SStA 

Praaaura  C«na:t:on:  Atmosananc  ('35  5i?a‘/ 


Uapor  Tanoaraxura 

a 

S3 . 338 

( CaQ  C  5 

Uatar  Plou  Rata  (*'> 

* 

33.33 

yatar  Vai-jcify 

'a 

i,  34 

(  w/  3  5 

Haat  Pl-viA  -  - 

-a 

3.33SS+3S 

>  1  *  a.  A  ^  V 

i  M»y  Pk  A»  / 

Tuaa-matal  *harnal.  conauc. 
Patxhov-PoBGv  canstant 

a 

«  *  ^ 

1  ^ 

^  n  a • 

(y/n.K  5 

uncertainty  ANALYSIS: 

‘v'ARIASLE 

PERCENT  GNCERTA I riT'f 

Nasa  Flow  Rata ,  NO 

3.33 

Raynolda  ‘Aimoar ,  Ra 

5 .52 

Haat  Flux .  q 

5  .38 

LoQ-rtaan-Tan  Ciff,  LrfTC 

.S5 

uall  Raaiatanca,  Ru 

5.37 

Cvarall  H.T.C. .  Go 

•  ^  « 

Uatar-Staa  H.T.C. ,  Hi 

.38 

vaoor-siaa  H.T.C.,  ho 

5.84 
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OftTA  FOR  THE  'JNCERTAIMTY  ANALYSIS: 


Flla  Nana:  S37SA 

Prasaura  Condition:  Atnosphario  \i3t  itPa) 
Vaoor  Tanoaratura  ^  33.363 

Uatar  Flou  Rata  \X)  >  3Q.3« 

Uatar  Valocity  »  t.3S 

Haat  Flu-/  •  S.lSiE+SS 

Tuba-natal  tharnal  conduc.  ■  U.3 

PatX.nov-Podov  constant  »  3.3653 


( Ca^ 


/n  * 
W  * 


<n/s ) 
t«/n*2'- 
(U/n.X ) 


l)t4CERTAINTY  ANALYSIS: 
•JAR  I  ABLE 

iiaas  Flou  Rata,  rtd 
Raynoida  Nunbar ,  Ra 
Haat  Flux,  a 
LOQ-Maan-Tan  QiTf .  LftTO 
•<>all  Raaistanca,  Ru 
Ovarall  H.T.G. ,  Uo 
Uatar-Slda  H.T.C. ,  Hi 
Vapor-Sida  H.T.C,,  Ho 


PERCENT  ‘JNCERTAIMTY 

3.33 
!  .11 
;  .33 
.iS 
S.87 
t  .12 
.37 
13.11 


r 


Cn  I  n  r\jt\  i  nc  sji'<u&r\  i  nii'«  i  i  nrinuiiii* 


Fils  *4a«S'.  33aA 

Prssaurs  Cwnditicn*.  fttncssnspi 
Vapcr  Tsnoaraturs  ’* 

Uatsr  FLw'ui  Rata  t")  * 

iaiatar  valccity  * 

Hast  F  Lux  » 

TuPa^watax  t^apwax  cuPPWw*  ** 
Pst)ihOv~PopGv  constant 


c  \  1 3  i  iiPa  / 
; 33 . 1 3 i 

/%/m  /ft/m 
OV  •  V<(; 

*  TC 
^  •  w9 

3.3:ZS+3S 
*i  4  •  3 

»  :.733S 


/  r%  «  .  /%  V 

V  UQQ  w  / 

( n/3  ) 

i-A/n'Z ) 
(Vi/m.X  ) 


UNCSRTAINTY  ftNALY3I3: 


VftRIASl.£ 


P£RC£MT  UNCSRTftIMTY 


nass  FLO'ki  Rata,  rtd 

3  •  33 

Raynolds  f4uaaap ,  Ra 

1  •  1 1 

Hast  F  Lux  ,  3 

t  .34 

UoQ-naan-Taa  Ziff  .  uttTO 

.47 

Ualx  Rasistanca,  Ru 

c 

3.01 

Ovarail  H.7.C. ,  Uo 

•  I  « 

t  0  i  ^ 

Uatap-Sida  H.T.C. .  Hi 

.37 

yapop-Sida  H.T.C. .  Ho 

!3.SS 
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